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Ladies and Gentlemen:

During the recent refueling outage at the Waterford Steam Electric Station — Unit 3 (W3), a
crack was discovered in the inside diameter of a pressurizer heater sleeve. Entergy
Operations, Inc. (Entergy) contracted the services of Structural Integrity Associates, Inc. to
evaluate the flaw and determine the potential of crack growth to a size exceeding the ASME
Section X! allowable flaw size. This analysis demonstrated that a conservatively postulated
flaw would not grow to exceed the allowable flaw size under application of the appropriate
design basis loading conditions.

ASME Section X!, IWB-3134 requires the owner to submit such a flaw evaluation to the NRC
staff for information purposes. Pursuant to this requirement, Entergy is submitting the
evaluation as the enclosure to this letter.

This letter contains no commitments.

Entergy Operations, Inc.

O
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Should you have any questions, please contact Guy Davant at (601) 368-5756.
Very truly yours,

Noh ‘(w

attachments: 1. Report No. SIR-00-150, “Evaluation of Potential Crack Growth from
Pressurizer Heater Sleeve-to-Lower Head Welds”
2. Calculation Package WSES-05Q-301, “Finite Element Stress Analyses
of Pressurizer Heater Penetration”
3. Calculation Package WSES-05Q-302, “Crack Growth Evaluation

cc: Mr. J. T. Herron (W3) (w/0)
Mr. G. J. Taylor (ECH) (w/0)

Mr. T. R. Farnholtz, NRC Senior Resident Inspector (W3) (w/0)
Mr. N. Kalyanam, NRR Project Manager (W3) (w/0)
Mr. E. W. Merschoff, NRC Region IV Regional Administrator (w/o)
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1.0  INTRODUCTION

During a recent examination of the pressurizer vessel at Waterford(WSES) Unit 3, pressurizer
heater sleeve No. F4 was found to be leaking. A repair was designed which moved the pressure

boundary from the inside surface to the outside surface of the pressurizer vessel.

In the existing pressurizer penetration design at WSES-3, the instrument nozzle passes through
the vessel and is welded on the inside surface of the main component with a J-groove weld. The
designed repair replaces the pressure boundary weld on the inside surface of the pressurizer
nozzle with an Alloy 690 OD weld attached to a temperbead weld pad on the pressurizer OD as
shown in Figure 1-1. Following the designed repair analysis completion, Entergy determined
that the penetration would be plugged instead of replacing the heater, as shown in Figure 1-2.
The design with the plug is similar to the modified heater penetration design with respect to this
analysis. The loadings on the weld and pressurizer shell are exactly the same. The thermal
conditions are essentially unchanged since the temperature gradients are mainly through the
pressurizer wall. The weld details in both designs are the original plant construction. Therefore,

the following analysis is valid for both the heater replacement or the penetration plug designs.

The analysis provided herein is also based on the outermost heater penetrations with the greatest

angle between the heater axis and the penetration shell. Thus, it will remain valid for repair of

any heater penetration in the future.

The objective of this report is to document the analyses performed to demonstrate that any
cracking in the original Alloy 600 welds at the inboard end of the pressurizer heater penetrations

will not grow to a size greater than allowed by Section XI of the ASME Code [1].

SIR-00-150, Rev. 0 1-1
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20 METHODOLOGY

ASME Code Section XI [1] provides guidance for performing crack growth analyses and for
determining allowable flaw sizes in structural components. The evaluation of the potential crack
growth into the pressurizer vessel is based on the guidelines of the Code and includes the

following tasks:

1. Develop a finite element model of the lower pressurizer head including the pressurizer-
to-heater weld area and the modified repair design to determine local stresses so that a
stress distribution away from the weld into the base metal can be determined. The
analysis is based on an enlarged hole in the pressurizer shell to account for outermost
heater locations with the largest side-hill angle. Thus, the analysis is applicable for a

repair at any of the pressurizer heater locations.

2. Quantify the cyclic operating conditions expected for the bottom head. The cyclic
operating conditions are combined such that maximum cyclic stress ranges at the

penetrations are determined.

3. Perform stress analyses for internal pressure and transient thermal conditions to

determine stress distributions for the most severe loading conditions.

4. Perform crack growth analyses for assumed cracking of the existing Alloy 600 weld.
Since the pressurizer cladding is Alloy 600, perform evaluations for both a corner crack

and a crack that extends further into the adjacent cladding.

5. Determine the ASME Section XI allowable flaw size for each of the assumed crack

types.

6. For each of the assumed crack types, determine the number of cycles to reach the
allowable flaw size if this is less than the allowable for the plant design cycles.

Alternately, determine the crack depth based on all the plant design cycles.

SIR-00-150, Rev. 0 2-1



3.0 DESIGNINPUT
31 Component Description

The pressurizer heater penetration that has exhibited leakage is located in the spherical bottom
head of the pressurizer vessel. The penetration is longitudinal with respect to the axis of the
pressurizer and part of a grouping of penetrations symmetrically spread around the centerline of
the spherical bottom head. The basic dimensions of the pressurizer and its penetration nozzle
used in this evaluation are based on the design input provided by Entergy [2], included as
Appendix A of this report. The outermost heater penetration with the largest side-hill angle is

located 38 inches from the centerline of the bottom head [2].

3.2 Material properties

The pressurizer vessel shell is made of SA-533, Grade B, Class | material and the cladding on its
inside surface is Alloy 600 material. Reference 2 provides a list of materials for the pressurizer
heater penetration components. The pressurizer heater sleeve is fabricated from SB-167 (Alloy
600) material. The existing penetration weld is assumed to be made of Alloy 600 material. The
new heater sleeve and plug are made of Inconel SB-167 (Alloy 690) material. The weld material

for the repair weld on the exterior of the pressurizer head is Alloy 690.

Temperature dependent material properties are used for all materials. The properties are taken
from the 1992 edition of the ASME Code (5] and are shown in Table 3-1. Material properties in
the Construction Code [15] were grouped into a very small number of generic material types
(e.g., no difference between Alloy 600 and Alloy 690). In addition, the thermal conductivity of
the low alloy base materials is much lower in the more recent code, such that higher thermal
stresses will be predicted as compared to those based on the Construction Code. Thus, the 1992

ASME Code, which provides more specific material properties, is used in the stress analyses.

SIR-00-150, Rev. 0 3-1



3.3  Design and Operating Conditions

The following design data is obtained from Reference [2]:

Design Pressure = 2500 psia
Design Temperature = 700°F
Operating pressure = 2250 psia
Operating temperature = 653°F

Cyclic conditions have been taken from the design input provided by Entergy [2] and include

the following significant events:

1. Heatup/Cooldown — 500 lifetime cycles. The pressurizer rate is 200°F/hr, from 70°F to
653°F. The pressure cycles between O psig and 2235 psig.

2. Plant Loading/Unloading, Step Load Increase/Decrease and Normal Variations — 10°
cycles. These are +/- 100 psig and +/- 20°F. It is assumed that the temperature and
pressure variations are relatively slow since rapid changes do not normally occur with this

high frequency. (There are 2000 variations per Heatup/Cooldown cycle.)

3. Reactor Trip, Loss of Primary Flow and Loss of Load — 480 cycles. This transient is a
2535 psig overpressure peaking at 50 seconds, followed by a reduction in pressure
reaching 1685 psig at 100 seconds, and then a slow repressurization reaching 2235 psig at
2100 seconds. There is also a significant thermal transient with the temperature reducing
to 613°F from normal operating temperature at the same time that the peak pressure
occurs. The temperature then decreases further, reaching 593 °F at 600 seconds, before it
slowly increases, reaching 653 °F at 2000 seconds. (For ease of calculation, it is assumed

that there are 500 cycles, the same as the number of Heatup/Cooldown cycles.)

4. Leak Test — 200 cycles. This is assumed to be a separate cycle from zero pressure to

normal pressure of 2235 psig. The heatup and cooldown rate for the pressurizer is

SIR-00-150, Rev. 0 3.2



100°F/hour. (It is conservatively assumed that there are 250 of these cycles in the crack

growth calculation.)

The five Emergency Condition Secondary Depressurization transients are not included since
they are not normal expected events. ASME Code Section XI [1] provides lower safety factors
for these transients and the resulting stresses are not expected to be significantly different than
those already evaluated. The 10 ASME Hydrotests to 3125 psig are also not considered.

ASME Code Section XI no longer requires elevated pressure testing of vessels in service.

SIR-00-150, Rev. 0 3-3



Table 3-1. Material Properties

Material Mechanical Temperature
Properties 70 1004 200 300 400 500, 600 650
SA.5330 E (10° psi) 29.2 29.0) 28.5 28.0 274 27.0 26.4 26.1
Grade B | o (in/in/°Fx 10°%) 7.02 7.06 7.25 7.43 7.58 7.70) 7.83 7.90)
Class 1 k (Btu/sec-in-"F) | 5.16E-04| 5.23E-04] 5.42E-04 5.51E-04{ 5.51E-04] 5.44E-04| 5.32E-04] 5.26E-04
C, (Btw/Ib-°F) 0.106/  0.108/  0.114 0.119 0.125] 0131 0138 o0.141
E (10° psi) 31.000 3082 30200 29900 29500 29.000 28.700  28.45
SB 167" | o (in/in/°Fx 10°%) 6.76 6.90 7.20) 7.40) 7.57 7.70 7.82] 7.88
Alloy 600 k (Btu/sec-in-’F) | 1.99E-04| 2.01E-04{ 2.11E-04| 2.22E-04] 2.34E-04] 2.45E-04] 2.57E-04] 2.62E-04
C, (Btw/Ib-"F) 0.107]  0.1090 0.112 0.11s{ 0.118  0.119  0.123  0.123
E (10° psi) 30300 30120 29500 29.100  28.80| 2830 28.100 2785
iﬁjﬂ;; a (in/in/°Fx 10°) 7.73 7.76 7.85 7.93 8.02 8.09 8.16 8.20)
k (Btw/sec-in-"F) | 1.57E-04{ 1.62E-04] 1.76E-04{ 1.90E-04 2.04E-04] 2.18E-04] 2.32E-04{ 2.38E-04
C, (Btw/1b-°F) 0.105 0.105f 0109 o0.113 0.115f 0.118 0.119  0.12

(1) A constant Pmsson ratio of 0.3 is used for all matenals at all temperatures. Similarly, constant density values of
0.283 Ib/in’ for the low alloy and 0.301 Ib/in’ for the Inconel alloys are used in all the analyses.

SIR-00-150, Rev. 0 3-4



4.0 LOCAL STRESS EVALUATION

4.1 Finite Element Analysis

An axisymmetric finite element model of the pressurizer was developed using the ANSYS
software package [6]. Although the actual penetrations are located on the side-hill of the
spherical pressurizer lower head, the resulting axisymmetric model will be that of a penetration
normal to the surface of a spherical shell. To more closely approximate the real configuration
and the actual state of stresses, the finite element model is conservatively based on an enlarged
hole in the pressurizer shell equal to the maximum side-hill dimensions to account for outermost
heater locations with the largest side-hill angle as shown in Figure 4-1. The increased hole
diameter results in higher local stresses around the penetration. Thus, the analysis will be
applicable for a repair at any of the pressurizer heater locations. The thickness of the heater
sleeve used in the model is the same as the actual sleeve thickness. The resulting dimensions

based on these modifications are shown in Figure 4-2.

The resulting finite element model of the pressurizer is shown in Figure 4-3. The boundaries of
the finite element model are set far enough from the nozzle weld region to avoid end effects as
shown in Figures 4-4 and 4-6. The thermal analyses are performed with the two-dimensional
thermal solid elements (PLANESS), and the stress analyses are performed with the two-
dimensional structural solid elements (PLANE42).

4.2  Applied Loads
4.2.1 |Internal pressure

Internal pressure (P) was applied to all the inside surfaces of the pressurizer . In addition, end
cap loads are applied at the pressurizer penetration bore. Since the penetration plug is not

explicitly modeled, the end cap load is applied as an equivalent force, F, calculated as

SIR-00-150, Rev. 0 4-1



F=PA

A = penetration bore opening area.

The applied internal pressure loading is illustrated in Figure 4-4 for the pressurizer penetration.

4.2.2 Thermal Transient Analyses

The thermal transient conditions specified for the pressurizer are discussed in Section 3. Two

specific thermal transients were evaluated: the heatup/cooldown ramp transient, and the reactor

trip transient. The thermal cycles are characterized as follows:

Heatup/Cooldown at 200°F/hr: The thermal stresses are small and of opposite
sign from pressure stresses in the area of the assumed cracking. However, since
thermal stresses develop prior to pressurization, they are considered for the initial
part of the heatup transient. The cooldown cycle stresses may be neglected since
they do not add to the stress ranges.

Reactor Trip: This is a significant thermal transient. The increasing pressure and
decreasing temperature are additive at the pressure peak. At the low pressure
point of the transient, the thermal stresses are not significant and may be
neglected.

Plant Loading/Unloading: Since the thermal stress sign is opposite to the
pressure sign, the thermal stresses are conservatively neglected.

Leak Test: As with normal heatup and cooldown, it is conservative to neglect the
transient thermal stresses except for the initiation of the heatup. The magnitude of

the thermal stresses will be one half of those due to normal heatup and cooldown.

In all thermal transient analyses, a very large conservative film coefficient of 25,000 BTU/hr-ft’-

°F is used on the inside surface of the pressurizer vessel. The inside surface of the penetration

nozzle is conservatively assumed perfectly insulated in all the analyses since there will be

essentially no heat transfer in the radial direction. The thermal boundary conditions for the

analyses of the pressurizer are illustrated in Figure 4-5.

SIR-00-150, Rev. 0 4-2



4.2.3 Residual Stress Considerations

It is expected that the Alloy 600 welds would have a high degree of residual tensile stresses at
the time of initial.construction. However, in initial vessel hydrotest and the first heatup to
operating conditions, there will be additional tensile yielding of the material due to the applied
thermal and pressure stress loadings. Pressurized transients such as the rapid temperature
reduction for a reactor trip transient would further yield the material at the surface. Thus, at
maximum pressure conditions, the state of stress in the weld is expected to be at the tensile yield
stress level (with a small amount of hardening). Upon depressurization, the stress will elastically
reduce such that residual stresses will be significantly reduced. At the locations considered in
the analysis, the combination of pressure plus thermal stresses for the weld region exceeds 35 ksi
for the reactor trip transient. Therefore, residual stresses can be neglected. The 35 ksi value is
conservatively taken as equal to the room temperature minimum yield strength of Alloy 600

materials from the ASME Code [5], and accounts for some additional tensile stress above the

Code value of 27.4 ksi at 650°F.

4.3 Analysis Results

The results of the two limiting thermal transient cases were processed to determine the time at
which the nozzle weld region experiences the maximum compressive or tensile hoop stresses,

which combine with the pressure induced hoop stresses to determine the maximum stress ranges.

The hoop stress at the pressurizer heater penetration due to internal pressure (applied as shown in
Figure 4-3) is shown in Figure 4-7. Figure 4-8 shows the hoop stresses at the pressurizer

penetration during the reactor trip transient.

The stress distributions along a through-wall path from the Alloy 600 weld to the OD of the
pressurizer are extracted for use in the crack growth evaluations. These distributions are

presented in Section 5 of this report.

SIR-00-150, Rev. 0 4-3
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Figure 4-7. Pressurizer Heater Penetration Hoop Stresses Due to Internal Pressure
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Figure 4-8. Pressurizer Heater Penetration Hoop Stresses Due to Reactor Trip
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5.0 CRACK GROWTH EVALUATIONS

The evaluation of the potential for a crack in the existing pressurizer to propagate in the

pressurizer vessel is summarized in the following paragraphs.

5.1 Applied Stresses

The loadings in the pressurizer include internal pressure and the thermal transients. The stress
distributions at the pressurizer due to these loading conditions were obtained by finite element
analyses discussed in Section 4. The relevant stress distributions due to pressure and thermal
transients were extracted from the stress analyses along a through-wall path for input in the crack

growth evaluations. Six through-wall paths were considered and can be seen in Figure 5-1.

For a nozzle corner crack fracture mechanics model, a stress distribution representing the stresses
midway between the nozzle bore and the vessel inside surface is appropriate. As can be seen
from Figures 5-1 and 5-2, paths closer to the penetration bore have higher stresses for the
internal pressure run. Thus, a stress distribution along Path 1 which is inclined from the nozzle
bore by approximately 30 degrees was conservatively used in evaluating crack growth. A
similar path was chosen for a circumferential flaw fracture mechanics model that extended to the
same point on the outside of the shell but started from the edge of the weld region on the
cladding inside surface. This is Path 6 which is inclined at an angle of 25 degrees from the
nozzle bore. The through-wall stress distributions for Paths 1 and 6 are presented in Figures 5-3
and 5-4. The through-wall stress distributions for all paths and conditions are in Tables 5-1

through 5-4.

The pressure loading on the crack face is also taken into consideration. This is done by
determining a polynomial distribution that approximates the pressure up to the region of the
crack tip. For this analysis, the crack face loading is taken as a series of data points with a
pressure equal to the operating internal pressure up to the approximate final depth of the crack,

and then zero beyond that depth.

SIR-00-150, Rev. 0 5-1



5.2 Fatigue Cycle Definition

The Waterford-3 plant operation design transients are described in Section 3. The significant
operating condition transients for the pressurizer are the heatup/cooldown, reactor trip, leak test

and normal plant variations transients.

For the purpose of the crack growth evaluation, the heatup + reactor trip and cooldown transients
were combined to form a complete maximum stress range cycle. In the crack growth analyses,
the 500 heatup/cooldown cycles and the other operating transient cycles are assumed to be
evenly distributed over the plant lifetime of 40 years. Coincident internal pressure levels
described in Section 3 are combined appropriately with the thermal transient loads. The defined

cyclic load ranges and corresponding number of cycles are presented in Table 5-5.

53 Fracture Mechanics Evaluation
5.3.1 Fracture Mechanics Models

A simulated 3-D nozzle corner crack model [16] was used for the crack growth analysis. This
crack model is appropriate for this evaluation given the configuration of the pressurizer. From

Reference 8, the stress intensity factor for this crack model is expressed as
K, = va(0.706C, +0.537(2a/7) C, +0.448(a2/2) C, +0.393(4a’ /37) C,)

where,

crack depth

polynomial coefficients defining the stress distribution at
the critical through-wall section of the hot leg pipe

a
Co, Cl, Cz and C3

A model for a 360° circumferential crack in a cylinder (/R = 0.1) [9, 14] is also evaluated since
the cracking could extend along the shell in the Alloy 600 cladding. This model conservatively
represents a very long flaw through the Alloy 600 cladding on both sides of the penetration and

between penetration.
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All the crack growth analyses are performed with the pc-CRACK for Windows (7] fracture
mechanics analysis program, which includes both the simulated corner crack and circumferential

crack models.

5.3.2 Multiple Flaw Considerations

The effect of cracking on both sides of the nozzle is accounted for by multiplying the stress
intensity factors by a scale factor. This factor is derived using the single crack-to-two crack
multiplier for an assumed corner crack flaw size of 1.5 inches, the bore diameter of the actual

heater penetration , and the model from Reference 10:

where:  a = flaw depth into nozzle bore
¢ = flaw length along shell
t = shell thickness

r = nozzle bore radius

The multiplication factor calculations are summarized as follows:

Parameter Pressurizer
a 1.5
c 1.5
t 3.875
r 0.831
Multiplication Factor 1.1024

Use of the actual heater penetration diameter increases the multiplication factor. The

multiplication factor was conservatively based on the maximum expected crack size, not
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recaicuiated for each crack size during the crack growth analysis. Thus, the multiplication factor
of 1.1024 used in the analysis is conservative. This factor could be reduced by using the actual

smaller flaw size computed in the analyses.

A model for a 360° circumferential surface crack in a cylinder (/R = 0.1) [9, 14] was also
evaluated for the pressurizer penetration since the cracking could extend along the shell in the
Alloy 600 cladding. For the large aspect ratio model, relatively higher stress intensity factors are
calculated. Since this assumes a continuous crack on either side of the penetration, no multiplier

is needed to account for multiple flaws near the repaired heater tube when using this model.

5.3.3 Initial Flaw Size

The initial flaw size is taken as the maximum depth of the Alloy 600 material at each location.
For the pressurizer penetration, it is assumed that the weld and underlying clad material contains

a flaw to a depth of 0.4375 in. [2). This conservatively assumes that the cracking extends to the

Alloy 600/ferritic interface.

5.3.4 Crack Growth Law

For the flaw growth through the pressurizer wall, it was assumed that base metal fatigue is the
primary propagation mechanism. The methodology of Section XI Appendix A of the ASME
Code [1] was used to perform the fatigue crack growth. The ASME fatigue crack growth law for

carbon and low alloy steels in water environment was used. This crack growth law has the form

of a Paris law expressed as:

da
—=C(AK
&~ claky
where, a = flaw depth
N number of stress cycles

Candn experimentally determined parameters related to the
material and operating environment
AK = stress intensity factor range (Kmax — Kmin)
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5.3.5 Fracture Toughness

The major stress in the vicinity of the cracking is due to applied pressure. At conditions of high
pressure, the temp'crature is also high. Thus, it is assumed that the material is on the upper shelf

and the fracture toughness curve from Section X1, Appendix A is used, assuming a 200 ksi-in'?,

A factor of 10 (3.1622) is used resulting in a 63.24 ksi-in'”? allowable fracture toughness.

54 Crack Growth Results

The applied stresses described in Section 5.1 were input to pc-CRACK. These stresses were
represented as third order polynomial functions of distance from the base metal inside surface of
the pressurizer. The calculated stress intensity factors corresponding to the applied stresses are
shown in Figure 5-5 and Figure 5-6 for the pressurizer penetration corner crack and
circumferential crack models, respectively. The pc-CRACK analyses are documented in detail

in Reference 4 and the results included in Appendix B.

The postulated corner crack is predicted to grow to a depth of 0.5697 inches after 500
heatup/cooldown cycles (including all other transients described above). This is well below the
predicted critical code allowable crack size of 3.084 inches which exceeds 80 percent of the
vessel wall, bringing into question the validity of the crack model for such a depth. The end-of-
period maximum stress intensity factor is controlled by the reactor trip cycle. The resulting
value is 41.8 ksi-in'? which is significantly less than the allowable. The stress intensity factor

for the initial flaw size is 37.7 ksi-in">.

For the circumferential crack, the crack grows to 0.6951 inches after the total design cycles.
This is below the code allowable crack size of 0.77 inches. The stress intensity factor is 60.3 ksi-

in'2. The stress intensity factor for the initial flaw size is 48.9 ksi-in"?,
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Table 5-1. Hoop Stress Distributions for Internal Pressure

PATH 1 PATH 2 PATH 3

Distance Hoop Stress Distance Hoop Stress Distance Hoop Stress
(inches) (psi) (ksi) (inches) (psi) (ksi) (Inches) {psi) (ksi)
0.000 26389 26.389 0.000 26389 26.389 0.000 26389 26.389
0.244 24638 24.638 0.286 24056 24.056 0.354 23158 23.158
0.488 22794 22.794 0.572 21729 21.729 0.707 20650 20.650
0.732 21200 21.200 0.858 19503 19.503 1.061 18073 18.073
0.975 20342 20.342 1.144 18420 18.420 1.415 16914 16.914
1.219 19610 19.610 1.430 17631 17.631 1.768 16211 16.211
1.463 18977 18.977 1.715 16995 16.995 2.122 15646 15.646
1.707 18408 18.408 2.001 16482 16.482 2.475 15259 15.259
1.951 17886 17.886 2.287 16088 16.088 2.829 14954 14.954
2.195 17458 17.458 2.573 15707 15.707 3.183 14693 14.693
2.439 17059 17.059 2.859 15454 15.454 3.536 14511 14.511
2.683 16725 16.725 3.145 15206 15.206 3.890 14339 14.339
2.926 16420 16.420 3.431 15011 15.011 4.244 14213 14.213
3.170 16215 16.215 3.717 14852 14.852 4.597 14094 14.094
3.414 15985 15.985 4.003 14690 14.690 4.951 14006 14.006
3.658 15800 15.800 4.288 14584 14.584 5.304 13911 13.911
3.902 15658 15.658 4574 14488 14.488 5.658 13837 13.837
4.146 15552 15.552 4.860 14404 14.404 6.012 13760 13.760
4.390 15450 15.450 5.146 14331 14.351 6.365 13689 13.689
4.633 15479 15.479 5.432 14267 14.267 6.719 13621 13.621
4.877 15256 15.256 5.718 14194 14.194 7.073 13540 13.540

PATH 4 PATH 5 PATH 6

Distance Hoop Stress Distance Hoop Stress Distance Hoop Stress
inches) {(psi) {ksi) (inches) {psi) (ksi) (inches) (psi) (ksi)
0.000 26389 26.389 0.000 16064 16.064 0.000 22872 22.872
0.451 22115 22115 0.242 15946 15.946 0.236 21611 21.611
0.901 19367 19.367 0.485 15395 15.395 0.471 20249 20.249
1.352 16964 16.964 0.727 14821 14.821 0.707 19006 19.006
1.803 15759 15.759 0.969 14674 14.674 0.942 18501 18.501
2.253 16173 15.173 1.211 14607 14.607 1.178 18102 18.102
2.704 14773 14.773 1.454 14545 14.545 1.414 17736 17.736
3.155 14484 14.484 1.696 14482 14.482 1.649 17397 17.397
3.605 14266 14.266 1.938 14416 14.416 1.885 17086 17.086
4.056 14094 14.094 2.180 14351 14.351 2.120 16811 16.811
4.507 13965 13.965 2.423 14304 14.304 2.356 16538 16.538
4.957 13855 13.855 2.665 14256 14.256 2.592 16335 16.335
5.408 13753 13.753 2.907 14210 14.210 2.827 16137 16.137
5.859 13665 13.665 3.149 14170 14.170 3.063 15978 15.978
6.309 13583 13.583 3.392 14123 14.123 3.298 15792 15.792
6.760 13498 13.498 3.634 14092 14,092 3.534 15656 15.656
7.211 13413 13.413 3.876 14063 14.063 3.770 15562 15.562
7.661 13329 13.329 4.118 14034 14.034 4.005 15478 15.478
8.112 13242 13.242 4.361 14007 14.007 4.241 15399 15.399
8.563 13155 13.155 4.603 13980 13.980 4.476 15464 15.464
9.013 13052 13.052 4.845 13944 13.944 4.712 15256 15.256

SIR-00-150, Rev. 0 5-6




Table 5-2. Hoop Stress Distnibutions for Heat-Up

PATH 1 PATH 2 PATH 3
Distance - Hoop Stress Distance Hoop Stress Distance Hoop Stress
(inches) (psi) (ksi) (inches) (psi) (ksi) (inches) (psi) (ksi)

0.000 -15213 -15.213 0.000 -15213 -15.213 0.000 -15213 -156.213
0.244 -11775 -11.775 0.286 -11926 -11.926 0.354 -11854  -11.854
0.488 -8498 -8.498 0.572 -8304 -8.304 0.707 -8187 -8.187

0.732 -6578 -6.578 0.858 -6209 -6.209 1.061 -5978 -5.978
0.975 -5041 -5.041 1.144 -4719 -4.719 1.415 -4569 -4.569
1.219 -3673 -3.673 1.430 -3437 -3.437 1.768 -3381 -3.381
1.463 -2450 -2.450 1.715 -2301 -2.301 2.122 -2317 -2.317
1.707 -1354 -1.354 2.001 -1288 -1.288 2.475 -1369 -1.369
1.951 -374 -0.374 2.287 -383 -0.383 2.829 -512 -0.512
2.195 498 0.498 2.573 426 0.426 3.183 260 0.260
2.439 1272 1.272 2.859 1146 1.146 3.536 958 0.958

2.683 1955 1.955 3.145 1780 1.780 3.890 1579 1.579
2.926 2549 2.549 3.431 2334 2.334 4.244 2134 2.134
3.170 3085 3.085 3.717 2819 2.819 4.597 2607 2.607
3.414 3508 3.508 4.003 3217 3.217 4.951 3029 3.029
3.658 3861 3.861 4.288 3547 3.547 5.304 3374 3.374
3.902 4143 4.143 4.574 3805 3.805 5.658 3650 3.650
4.146 4352 4.352 4.860 3995 3.995 6.012 3855 3.855
4.390 4481 4.481 5.146 4121 4121 6.365 3998 3.998
4.633 4580 4.580 5.432 4183 4.183 6.719 4076 4.076
4.877 4503 4.503 5.718 4176 4.176 7.073 4084 4.084

PATH 4 PATH 5 PATH 6
Distance Hoop Stress Distance Hoop Stress Distance Hoop Stress
(inches) {psi) {ksi) (inches) (psi) (ksi) Sinchesg SBSi) sksi)
0.000 -15213 -15.213 0.000 -12079 -12.079 0.000 -14736 -14.736
0.451 -11699  -11.699 | 0.242 -9275 -9.275 0.236 -11079  -11.079
0.901 -8162 -8.162 0.485 -6445 -6.445 0.471 -7709 -7.709
1.352 -5957 -5.957 0.727 -5085 -5.085 0.707 -5992 -5.992
1.803 -4619 -4.619 0.969 -3965 -3.965 0.942 -4635 -4.635

2.253 -3525 -3.525 1.211 -2933 -2.933 1.178 -3405 -3.405
2.704 -2535 -2.535 1.454 -1973 -1.973 1.414 -2279 -2.279
3.155 -1625 -1.625 1.696 -1086 -1.086 1.649 -1252 -1.252
3.605 -793 -0.793 1.938 -273 -0.273 1.885 -320 -0.320
4.056 -29 -0.029 2.180 469 0.469 2.120 520 0.520
4.507 676 0.676 2.423 1142 1.142 2.356 1274 1.274

4.957 1318 1.318 2.665 1746 1.746 2.592 1944 1.944
5.408 1893 1.893 2.907 2277 2.277 2.827 2530 2.530
5.859 2406 2.406 3.149 2755 2.755 3.063 3062 3.062
6.309 2864 2.864 3.392 3143 3.143 3.298 3480 3.480
6.760 3243 3.243 3.634 3470 3.470 3.534 3834 3.834
7.211 3556 3.556 3.876 3730 3.730 3.770 4118 4.118
7.661 3793 3.793 4.118 3925 3.925 4.005 4329 4.329
8.112 3957 3.957 4.361 4057 4.057 4.241 4463 4.463
8.563 4052 4.052 4.603 4125 4.125 4.478 4574 4.574
9.013 4072 4.072 4.845 4128 4.128 4.712 4503 4.503
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Table 5-3. Hoop Stress Distributions for Cool-Down

PATH 1 PATH 2 PATH 3
Distance Hoop Stress | Distance Hoop Stress| Distance Hoop Stress
(inches) (psi)  (ksi)] (inches) (psi)  (ksi)] (inches) (psi)  (ksi)

0.000 15491 15.491 0.000 15491 15.491 0.000 15491 15.491
0.244 11929 11.929 0.286 12093 12.093 0.354 12028 12.028
0.488 8526 8.526 0.572 8354 8.354 0.707 8278 8.278
0.732 6491 6.491 0858 6120 6.120 1.061 5894 5.894
0.975 4951 4.951 1.144 4626 4.626 1.415 4472 4.472
1.219 3596 3.596 1.430 3360 3.360 1.768 3302 3.302
1.463 2387 2.387 1.715 2240 2.240 2.122 2255 2.255
1.707 1305 1.305 2.001 1241 1.241 2.475 1322 1.322
1.951 338 0.338 2.287 349 0.349 2.829 478 0.478
2.195 -523 -0.523 2.573 -448 -0.448 3.183 -282 -0.282
2439 -1287 -1.287 2.859 -1158 -1.158 3.536 -970 -0.970
2683 -1962 -1.962 3.145 -1783 -1.783 3.800 -1583 -1.583
2.926 -2549 -2.549 3.431 -2330 -2.330 4244 -2130 -2.130
3.170 -3077 -3.077 3.717 -2809 -2.809 4597 -2598 -2.598
3.414 -3498 -3.498 4.003 -3203 -3.203 4951 -3014 -3.014
3.658 -3851 -3.851 4288 -3531 -3.531 5.304 -3356 -3.356
3.902 -4133 -4.133 4.574 -3790 -3.790 5.658 -3632 -3.632
4146 -4343 -4.343 4860 -3981 -3.981 6.012 -3838 -3.838
4390 -4473 -4.473 5.146 -4108 -4.108 6.365 -3981 -3.981
4633 -4570 -4.570 5432 -4170 -4.170 6.719  -4059 -4.059
4.877 -4495 -4.495 5.718 -4163 -4.163 7.073 -4068 -4.068

PATH 4 PATH S PATH 6
Distance Hoop Stress| Distance Hoop Stress| Distance Hoop Stress
(inches) (psi)  (ksi)] (inches) (psi)  (ksi)| (inches) (psi)  (ksi)

0.000 15491 15.491 0.000 12354 12.354 0.000 15020 15.020
0.451 11881 11.881 0.242 9441 9.441 0.236 11245 11.245
0.901 8266 8.266 0.485 6434 6.434 0.471 7718 7.718
1.352 5894 5.894 0.727 4983 4.983 0.707 5895 5.895
1.803 4517 4517 0969 3872 3.872 0.942 4543 4.543
2253 3441 3.441 1.211 2858 2.858 1.178 3329 3.329
2.704 2468 2.468 1.454 1916 1.916 1414 2218 2218
3.155 1574 1.574 1.696 1044 1,044 1.649 1205 1.205
3.605 755 0.755 1.938 243 0.243 1.885 286 0.286
4,056 3 0.003 2.180 -487 -0.487 2.120 -544 -0.544
4.507 -691 -0.691 2423 -1152 -1,152 2.356 -1288 -1.288
4957 -1324 -1.324 2.665 -1747 -1.747 2592 -1950 -1.950
5.408 -1891 -1.891 2.907 -2272 -2.272 2.827 -2528 -2.528
5.859 -2398 -2.398 3.149 -2743 -2.743 3.063 -3052 -3.052
6.309 -2849 -2.849 3.392 -3127 -3.127 3.298 -3469 -3.469
6.760 -3225 -3.225 3.634 -3452 -3.452 3534 -3823 -3.823
7211  -3536 -3.536 3.876 -3713 -3.713 3.770 -4108 -4.108
7.661 -3774 -3.774 4118 -3909 -3.909 4.005 -4320 -4.320
8.112 -3938 -3.938 4,361 -4041 -4.041 4.241 -4455 -4.455
8.563 -4034 -4.034 4603 -4111 -4111 4476 -4564 -4.564
9.013 -4054 -4.054 4.845 -4114 -4.114 4712  -4495 -4.495
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Table 5-4. Hoop Stress Distributions for Reactor Trip
(at 123 seconds)

PATH 1 PATH 2 PATH 3
Distance Hoop Stress | Distance Hoop Stress | Distance  Hoop Stress
(inches) {psi)  (ksi)] (inches) {psi)  (ksi)| (inches) (psi)  (ksi)
0.000 13865 13.865 0.000 13865 13.865 0.000 13865 13.865
0.244 10408 10.408 0.286 10604 10.604 0.354 10591 10.591
0.488 7018 7.018 0.572 6964 6.964 0.707 7044 7.044
0.732 4789 4789 0.858 4530 4.530 1.061 4415 4.415
0.975 3333 3.333 1.144 3108 3.108 1.415 3026 3.026
1.219 2132 2132 1.430 1982 1.982 1.768 1968 1.968
1.463 1119 1,119 1.715 1036 1.036 2.122 1068 1.068
1.707 273 0.273{ 2.001 245 0.245 2.475 310 0.310
1.951 -426 -0.426 2.287 -409 -0.409 2.829 -327 -0.327
2,195 -997 -0.997] 2.573 -945 -0.945 3.183 -854 -0.854
2.439 -1458 -1.458 2859 -1381 -1.381 3.536 -1288 -1.288
2.683 -1829 -1.829 3.145 1729 -1.729 3.890 -1636 -1.636
2926 -2120 -2.120 3.431  -2004 -2.004 4244 -1914 -1914
3.170 -2357 -2.357] 3717 -2222 -2222 4.597 -2128 -2.128
3.414 .2528 -2.528 4.003 -2381 -2.381 4951  -2293 -2.293
3.658 -2660 -2.660 4288 -2503 -2.503 5304 -2417 -2.417
3902 -2762 -2.762 4574 -2590 -2.590 5.658 -2505 -2.505
4146  -2837 -2.837 4860 -2649 -2.649 6.012 -2563 -2.563
4390 -2886 -2.886 5.146 -2686 -2.686 6.365 -2598 -2.598
4633 -2937 -2.937| 65432 -2702 -2.702 6.719 -2614 -2614
4877 -2916 -2.916 5.718 -2696 -2.696 7.073  -2608 -2.608

PATH 4 PATH S PATH 6
Distance Hoop Stress |Distance Hoop Stress | Distance Hoop Stress
(inches) (psi)  (ksi)] (inches) (psi)  (ksi)] (inches) (psi)  (ksi)
0.000 13865 13.865 0.000 11357 11.357 0.000 13529 13.529
0.451 10502 10.502 0.242 8452 8.452 0.236 9909 9.909
0.901 7125 7.125] 0.485 5287 5.287 0.471 6342 6.342
1.352 4536 4.536( 0.727 3619 3.619 0.707 4319 4.319
1.803 3114 3.114] 0.969 2520 2.520 0.942 3026 3.026
2.253 2115 2.115 1.211 1590 1.590 1.178 1940 1.940
2.704 1246 1.246 1.454 779 0.779 1.414 1005 1.005
3.155 493 0.493 1.696 84 0.084 1.649 210 0.210
3.605 -145 -0.145 1.938 -504 -0.504 1.885 -456 -0.456
4.056 -682 -0.682 2.180 -993 -0.993 2.120 -1007 -1.007
4507 -1133 -1.133 2.423 -1395 -1.395 2.356 -1456 -1.456
4957 -1502 -1.502] 2665 -1720 -1.720 2,592 -1819 -1.819
5408 -1799 -1.799] 2907 -1979 -1.979 2.827 -2106 -2.106
5.859 -2035 -2.035 3.149 -2187 -2.187 3.063 -2341 -2.341
6.309 -2219 -2.219 3.392 -2340 -2.340 3298 -2511 -2.511
6.760 -2355 -2.355 3.634 -2457 -2.457 3534 -2645 -2.645
7211 -2454 -2.454 3.876 -2543 -2.543 3.770  -2749 -2.749
7.661 -2520 -2.520] 4.118 -2602 -2.602 4.005 -2825 -2.825
8.112  -2559 -2.559 4361 -2639 -2.639 4241 -2877 -2.877
8.563 -2577 -2.577] 4603 -2658 -2.658 4.476  -2934 -2.934
9.013 -2572 -2.572 4.845 -2656 -2.656 4.712  -2916 -2.916
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Table 5-5. Crack Growth Evaluation Cyclic Loads

Maximum Minimum
. o Number
. Pressure essure
Load Cycle LD . Thermal . Thermal | of Cycles
(psig) (psi)
200 °F/hr
Heatup/Cooldown + Reactor Trip 0 500
Reactor Trip Up 2535 @ 50 sec Heatup @
212 °F
100 °F/hr
Pressure Leak Test 2235 0 0 Heatup @ 500
212°F
Normal Variations 2335 0 2135 0 10°
Normal Operation +
2235 0 1685 0 500
Reactor Trip Down

Note: The “0” thermal conditions indicate steady state condition.
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Figure 5-1. Through Wall Paths Considered for Crack Growth Evaluation [12]
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Hoop Stress Distributions for Internal Pressure Run
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Figure 5-2. Hoop Stresses Along Given Paths for Internal Pressure Runs [12]
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Pressurizer Heater Penetration Corner Crack Hoop Stress
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Figure 5-3. Pressurizer Penetration Corner Crack Hoop Stress Distributions for Path One
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Pressurizer Heater Penetration Circumferential Flaw Hoop Stress
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Figure 5-4. Pressurizer Penetration Circumferential Flaw Hoop Stress Distributions for Path 6
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Pressurizer Heater Penetration Corner Crack Stress Intensity Factors
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Figure 5-5. Pressurizer Heater Penetration Stress Intensity Factors, Corner Crack Model
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Pressurizer Heater Penetration Circumferential Flaw Stress Intensity Factors
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Figure 5-6. Pressurizer Heater Penetration Stress Intensity Factors Circumferential Crack in
Cylinder (t/R= 0.1) Model
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60 CONCLUSIONS

Fracture mechanics analyses have been performed to evaluate the potential for a crack in the
pressurizer heater welds to grow to a depth greater than the ASME Code Section XI allowable
flaw size. The fracture mechanics evaluations used stress input from detailed finite element
stress analyses of the nozzle penetrations. The finite element model was conservatively based on
an enlarged hole in the pressurizer shell equal to the maximum side-hill dimensions to account
for outermost heater locations with the largest side-hill angle. This conservatism makes the

analyses bounding for all the pressurizer heater locations at Waterford-3.

The analyses performed in this evaluation include some conservative assumptions. There is at
least a 5% margin between the computed stress intensity factors and the allowable fracture
toughness. The crack growth rate has been demonstrated to be small, even for the total expected
number of transients for the plant design life. The end of cycle crack sizes are below critical for

both a corner crack and circumferential crack.

In the uncracked configuration, there is a pressure loading on the inner sleeve that produces
tensile stresses in the hoop direction. This can cause through-wall cracking of the sleeve that
results in leakage. In the repaired condition, the pressure load is taken at the outside diameter of
the piping. In the case of a leaking inner sleeve, there will no longer be an applied pressure load
causing tensile stresses in the hoop direction, except locally near each end of the piping where
the tube is welded. In the absence of the applied pressure loading, there will be no driving force

to continue to grow a crack in the sleeve axial direction.
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Document Type: _ ASME Section X1 ,IWB-3600 Flaw Evaluation

Document Number:

‘m l::/‘n/w
[

Page I__of

Design Input Revision 1

Document Revision:  N/A

Problem Summary: (Attach additional sheets as required)

Pressurizer heater sleeve No. F4 has been found leaking during RF-10 and will be
repaired using the half-nozzle technique.

Design Objective : (Attach additional sheets as required)

Perform a Bounding Flaw Evaluation for the PWSCC failure of pressurizer heater
sleeves in accordance with ASME Section X!, IWB-3600,1992 Edition.

-Lead Discipline
-Prepared by:
Reviewed by
Verified by

Discipline Review:
Contributing Disciplines: _X

Mechanical

J. Perez

P. Chowdhury / %u

-Lead Design/Responsibic Engineer  Gary E. Payne{'M
-Responsiblie/Engineering Supervisor
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1&C X Civil
Structures X Piping
Other Engineering Programs
Date:  10/27/00
> . Date:  10/27/00
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David Viener 7/ Date:  10/27/00
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DESIGN INPUT FOR IWB-3600 FLAW EVALUATION FOR THE

PRESSURIZER HEATER SLEEVES

SIR-00-150, Rev. 0

s Code

« |dentification/Details:

¢ Orientation (Location of heater sleeve in the
cross section of the PZR)

¢ Lower Head inside radius (Ri)
Lower Head minimum thickness (t,)

¢ Clad thickness (t.)

s Heater Sleeve Dimension & Vesssl Bore
{Repair)
Sleeve:
D, = outside diameter;
D, = Inside Diameter:;

VESSel | Dypeen bove — BOre diameter

Weld ((a) Between Heater sieeve and
Pressurizer heater lower sieeve; (b) Between
heater and heater sleave)- New Weld

¢ Heater Sleeve Dimension (Exist)

D, = outside diameter;

D, = Inside Diameter; t, = Thickness
Length =L,

Bore Diameter = D,

e Existing Heater Sleeve Weld (Internal weld)

Code Requirement: NB-3352.4 (d)

ASME Section Ill, 1971
through the Summer 1971
Addenda

671-401- Assembly
F4 -Leaking sleeve
684-103- Piece No
NX-4886- Heat No.

See Note 1

Ri = 48 7/16” up to basemetal
t,=37/8"

See Note 3

D, = 1.660" + 0.000
-0.002
D= 1.304"+0.010"
-0.000
Dyesost vare = 1.662" +0.004
-0.000
See Drawing as noted

D, = 1.660" + 0..000-0.002
D,= 1.273°+0.0107/-0.000
=15 7/8°

Diore =1.662° + .004 /-0

7 1564-1028 Rev 1

DWG 5817-8943 Rev 0
CR-WF3-2000-1250
DWG. 5817-8943
DWG 1564-2752

DWG 1564-1186, Rev 0

DWG. 1564-1186

DWG. 74370-650-001

PDD-5817-13054, Rev B |

74370-684-001
5817-13054
74370-671-003

PDD-5817-13054, Rev B |

Stress Report
(EC-M94-011 Rev 1
(including all changes)

- Peak Height (Depth of Groove plus fillet 0.3125°
weld leg) (Min. Required = 1.5Tn=15x
0.194" = 0.2910%);
- Fillet weld width, Min. Reqd. =0.75 x Tn 0.1875"
- =0.75x0.194"
- =0.1455"
Fumished:
Uphill Groove depth 0.1875" Radlus
Fillet weld leg 0.1875" (+ 1/16)
Peak height 0.375"
Downhill J-Groove depth 0.1563" (+1/16 -0 )
- Fillet weld 0.1563" v
- Peak Height 0.3125°
2
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DESIGN INPUT FOR IWB-3600 FLAW EVALUATION FOR THE

PRESSURIZER HEATER SLEEVES

Materials:

Heater sleeve (new)
Heater sleeve (existing)
Bottem Head

Cladding
Weld (Exist /new)

SB-167 A690
SB167 A600
SA-533GRBCL1

Equivalent to Inconel 600
Equivalent to Inconel
600/ 690

PDD-5817-13054 Rev B *,
74370-684-001 Rev. 2
ECM94-011 Rev 1

SIR-00-150, Rev. 0

Loading:
Design Pressure 2500 psia 1564-1028 Rev 1
Design Temperature 700°F 1564-1028 Rev 1
Operating Pressure 2250 psia 1564-1028 Rev 1
Operating Temperature 653°F 1564-1028 Rev 1
Transient Conditions: Occurrences See Note 5
Plant Heatup 500
Plant Cooldown 500
Plant Loading .
Plant Unioading 1 100 psi 10°
Step Load increase .
Step load decrease 1 20°F
Normal variations
Reactor trip
Loss of Primary Flow 480
Loss of Load
Loss of Secondary Pressure (Emergency) |5
Leak Test (2250 psia, 100° -400°F) 200
Hydro Test 10 M
Notes:

1.The lower head inside radius is 48 7/16 inches. Clad thickness in the lower head near
the heater sleeves is 7/16 inches. Lower head thickness is 3 7/8 in. min. (Source:
1564-1186 Rev. 0 and CE drawing 74370-650-001)

2. The heater sleeves that have the highest side hill angle are J1 and J2 which are
located on the center line (90°-270°) at 38 inches from the center of the pressurizer

(ref. CE drawing 74370-671-002).

3. Clad Thickness at the upper section of the bottom head = 3/16". Clad thickness
increases towards the bottom; at approximately 26 3/8" down from the Tangent line;
the clad thickness increases to 7/16" at the lower section of the bottom head as per

Detail A on Drawing (74370-650-001, R2),

4. Repair process and applicable Code:

A-4



DESIGN INPUT FOR IWB-3600 FLAW EVALUATION FOR THE
" PRESSURIZER HEATER SLEEVES

The new pressurizer heater sleeve design meets the original construction
code, which is ASME Section lll, 1971 through Summer Addenda of 1971.
The fracture toughness of the welding is in accordance with ASME Section I,
1971 through Summer Addenda of 1972. The heater sleeve materials will be
reconciled to the original construction code by Westinghouse (ref. Calculation
EC-MS4-011 R1, Change 7). The stresses meet the primary stress intensity
per the ASME Code. The stresses meet the stress criteria as stipulated by
ASME Subsection NB-3220. ASME Code Case 1361 contained a maximum
diametrical clearance requirements of 0.045" for attaching appurtenances to
Class 1 nozzles, and it was applied to the design clearance between the
pressurizer heater sleeve and the heater element. The inside diameter of the
replacement portion of the heater sleeve will be increased by 1/32" to reduce
the possibility of weid distortion affecting the fit of the heater into the repaired
sleeve. The diametrical clearance criteria contained in the Code Case 1361
will be met by the use of a cylindrical shim collar. The collar will fit over the
heater element after it is positioned inside the heater sleeve and before
making the heater element to heater sleeve pressure boundary weld. In
addition, the profile of the 3/16" fillet weld between the heater sleeve and the
heater element will be modified because of the decrease in the wall thickness
of the replacement heater sleeve creates a smaller shoulder for welding.
Calculation EC-M94-011, Revision 1, Change 7 will evaluate and qualify the
redesigned heater sleeve and the modified pressure boundary weld at the
heater element.

The existing intemal J-weld and a small portion of the original heater sleeve is
not being removed. The internal J-weld is no longer considered part of the

pressure boundary.

Although the new heater sieeveiweld pad configuration may be slightly
heavier than the existing sleeve/weld configuration, this slight increase would
be negligible when compared to the weight of the pressurizer.

The new weld buildup pad, to allow relocating the partial penetration weld joint
from inside the pressurizer to the outside surface, will be performed in
accordance with ASME Section X1, 1992 Edition.

Either Code Case 2142-1, F-Number Grouping for Ni-Cr-Fe, Classification
UNS N06052 Filler Metal, Section IX, or Code Case 2143-1, F-Number
Grouping for Ni-Cr-Fe, Classification UNS W86152 Welding Electrode Section
X! will be used to establish welding classifications and other requirements for

welding Alloy 690.

5. Transients: (Ref: Source: Figures 2, 3,4 and 5 from “Specification 00000-PE-
130, “General Specification for a Pressurizer Assembly,” Rev. 2, 6/2/1972);

4
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DESIGN INPUT FOR IWB-3600 FLAW EVALUATION FOR THE
PRESSURIZER HEATER SLEEVES

» Heatup/Cooldown - 500 lifetime cycles. For the pressurizer, the rate is
200°F/hr, from 70°F to 653°F. The pressure cycles between 0 psig and
2235 psig. The thermal stresses are relatively small and are of opposite
sign from pressure stresses in the area of the assumed cracking.
However, since thermal stresses develop prior to pressurization, they are
considered for the initial part of the heatup transient. They need not be
considered for cooldown.

e Plant Loading/Unloading- Step Load Increase/Decrease and Normal
Variations — 10° cycles. These are +/- 100 psig and +/- 20°F. It is
assumed that the temperature and pressure variations are relatively slow
since rapid changes do not nomaily occur with this high frequency. In
additions, the thermal stress sign would be opposite to the pressure stress
sign such that it is conservative to neglect the thermal stresses. (There are
2000 variations per Heatup/Cooldown cycle.).

» Reactor Trip, Loss of Primary Flow and Loss of Load — 480 cycles. This
transient is a 2535 psig overpressure, followed by a reduction in pressure
to 1685 psig, and then a slow repressurization back to 2235 psig. There is
also a significant thermal transient with the temperature reducing to 613°F
from normal operating temperature at the same time that the peak
pressure occurs. The temperature then decreases an additional 20°F in
about 550 seconds before it slowly increases back to normal conditions in
another 1400 seconds. (For ease of calculation, it is assumed that there
are 500 cycles, the same as the number of Heatup/Cooldown cycles.).

o Leak Test ~ 200 cycles. This is assumed to be a separate cycle from zero
pressure to normal pressure of 2235 psig. The heatup rate for both the
pressurizer and hot leg is given as 100F/hour. As with normal heatup and
cooldown, it is conservative to neglect the transient thermal stresses
except for the initiation of the heatup. (It is conservatively assumed that
there are 250 of these cycles in the crack growth calculation.).
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APPENDIX B

PC-CRACK OUTPUT
WSES Cormner Crack B-2 -B-12
WSES 100 Percent Surface Crack B-13 - B-23
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pc-CRACK for Windows
' Version 3.1-98348
(C) Copyright '84 - '98
Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: pecrack@structint.com

Linear Elastic Fracture Mechanics
Date: Fri Oct 27 14:21:13 2000
Input Data and Results File: CORNER.LFM
Title: WSES Corner Crack
Load Cases:

Case ID: 2235 Psig - Stress Distribution

Depth Stress

0.0000 26389.0000
0.2439 24638.0000
0.4877 22794.0000
0.7316 21200.0000
0.9754 20342.0000
1.2193 19610.0000
1.4632 18977.0000
1.7070 18408.0000
1.9509 17886.0000
2.1947 17458.0000
2.4386 17059.0000
2.6825 16725.0000
2.9263 16420.0000
3.1702 16215.0000
3.4140 15985.0000
3.6579 15800.0000
3.9017 15658.0000
4.1456 15552.0000
4.3895 15450.0000
4.6333 15479.0000
4.8772 15256.0000

Case ID: Heatup --- Stress Distribution

Depth Stress

0.0000 -15213.0000
0.2439 -11775.0000
0.4877 -8498.4004
0.7316 -6577.5000
0.9754 -5040.7998
1.2193 -3672.8999
1.4632 -2449.8999
1.7070 -1353.9000
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1.9509 -374.0000
2.1947 497.6200
24386 1271.5000
2.6825 1955.4000
2.9263 2549.1001
3.1702 3084.8999
3.4140 3507.8000
3.6579 3860.8999
3.9017 4142.7002
4.1456 4351.7998
4.3895 4481.3999
4.6333 4580.1001
4.8772 4502.7002

Case ID: Coodown — Stress Distribution

Depth  Stress

0.0000 15491.0000
0.2439 11929.0000
0.4877 8526.0000
0.7316 6491.1001
0.9754 4951.3999
1.2193 3596.0000
1.4632 2387.0000
1.7070 1304.8000
1.9509 337.6400
2.1947 -522.6200
2.4386 -1286.5000
2.6825 -1961.9000
2.9263 -2548.8999
3.1702 -3076.8000
3.4140 -3498.0000
3.6579 -3850.8999
3.9017 -4132.8999
4,1456 -4342.7002
4.3895 -4473.0000
4.6333 -4569.7998
4.8772 -4495.2002

Case ID: Reactor Trip —- Stress Distribution

Depth Stress

0.0000 13865.0000
0.2439 10408.0000
0.4877 7017.5000
0.7316 4789.1001
0.9754 3332.5000
1.2193 2131.7000
14632 1119.4000
1.7070 273.0100
1.9509 -426.2800
2.1947 -997.1900
2.4386 -1458.4000
2.6825 -1828.6000
2.9263 -2119.6001
3.1702 -2356.6001
3.4140 -2527.8999
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3.6579 -2660.3000
3.9017 -2761.5000
4.1456 -2836.5000
4.3895 -2886.0000
4.6333 -2937.2000
4.8772 -2916.1001

Case ID: 2235 Crack Pressure --- Stress Distribution

Depth Stress

0.0000 2235.0000
0.2000 2235.0000
0.6000 2235.0000
0.8000 2235.0000
1.0000 2235.0000
1.2000 2235.0000
1.4000 2235.0000
1.6000 2235.0000
1.6001  0.0000

1.8000 0.0000
2.0000 0.0000
2.2000 0.0000
2.4000 0.0000
2.6000 0.0000
2.8000 0.0000
3.0000 0.0000
Stress Coefficients
Case ID Co C1 2 C3 Type
2235 Psig 26105.5 -7243.42 1819.97 -163.548 StressDist
Heatup -14409.7  11659.4 -2620.68 213.637 StressDist
Coodown 14630.4 -12074.7 2796.83 -234.506 StressDist
Reactor Trip 13140.7 -12813.4  3563.85 -334.304 StressDist

2235 Crack Pres 2018.21  2399.61 -2839.93  610.534 StressDist

Crack Model: Simulated 3-D Nozzle Corner Crack

WARNING: The stress intensity factor (K) is calculated at the deepest point only.
May be non-conservative in some cases.

Crack Parameters:
Max. crack size:  3.5000

--————--———--5tress Intensity Factor-~—-—----—-------—-
Crack Case Case Case Case Case
Size 2235 Psig Heatup  Coodown Reactor Tr 2235 Crack

0.0700  8562.58 4641.22 4709.71 4208.62 693.664
0.1400 119983 -6384.3 6474.94 5756.23 1013.03
0.2100 14562 -7604.01  7707.71 6816.44  1275.23
0.2800 16665 -8537.13 8648.78 7608.38  1507.11
0.3500 18468.5 -9278.59 9394.75  8220.58 1718.03
0.4200 20056.4 -9878.75 9996.9 8700.4 1912.24
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0.4500 -
0.5600
0.6300
0.7000
0.7700
0.8400
0.9100
0.9800
1.0500
1.1200
1.1900
1.2600
1.3300
1.4000
1.4700
1.5400
1.6100
1.6800
1.7500
1.8200
1.8900
1.9600
2.0300
2.1000
2.1700
2.2400
2.3100
2.3800
2.4500
2.5200
2.5900
2.6600
2.7300
2.8000
2.8700
2.9400
3.0100
3.0800
3.1500
3.2200
3.2900
3.3600
3.4300
3.5000

Crack Growth

Law ID: LAS

Model: ASME Section XI - ferritic steel in water environment

21479.1
22769.8
23952.1
25043.2

.. 26056.4

27002
27888.5
28722.8
29510.6
30256.7
30965.5
31640.3
32284.4
32900.6
33491.2
34058.5
34604.3
351304
35638.4
36129.7
36605.5

37067
37515.3
37951.4
38376.1
38790.3
39194.7

39590
39976.8
40355.7
40727.1
41091.7
41449.9

41802
42148.4
42489.4
42825.5
43156.8
43483.6
43806.1
44124.5
44439.1
44749.9
45057.1

Laws:

-10368.6
-10768.9
-11094.6
-11357.1
-11565.2
-11725.8
-11844.7
-11926.8
-11976.1
-11996.3
-11990.2
-11960.7
-11910
-11840.2
-11753.4
-11651
-11534.7
-11405.9
-11265.7
-11115.4
-10956
-10788.4
-10613.6
-10432.3
-10245.3
-10053.3
-9856.88
-9656.62
-9453.07
-9246.71
-9037.99
-8827.31
-8615.05
-8401.55
-8187.13
-7972.06
-7756.59
-7540.96
-7325.36
-7109.97
-6894.95
-6680.43
-6466.53
-6253.33

10486.8
10885.6
11208.8
11467.7
11671.4
11827
11940.5
12016.8
12060
12073.9
12061.5
12025.5
11968.4
11892.3
11799.1
11690.6
11568.4
11433.7
11288
111324
10968
10795.6
10616.3
10430.9
10240
10044.4
9844.72
9641.54
9435.38
9226.73
9016.03
8803.68
8590.06
8375.5
8160.3
7944.72
7729.01
7513.39
7298.03
7083.11
6868.76
6655.09
6442.21
6230.19

da/dN = CL * SL * dK~5.95 for dK < dKtran
da/dN = CU * SU * dK~1.95 for dK >= dKtran

where

dK = Kmax - Kmin

R = Kmin / Kmax
for R <= 0.25;

SL=1.0

9077.14
9370.7
9595.46
9762.31
9879.8
9954.82
9993.02
9999.18
9977.33
9930.96
9863.1
9776.4
9673.21
9555.6
9425.46
9284.43
9134.02
8975.59
8810.35
8639.43
8463.81
8284.41
8102.05
7917.49
7731.39
7544.37
7356.98
7169.72
6983.02
6797.28
6612.85
6430.03
6249.09
6070.27
5893.73
5719.66
5548.16
5379.34
5213.25
5049.94
4889.41
4731.64
4576.59
4424.2

SU=1.0 dKtran =17.74

for 0.25 < R <= 0.65:
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2091.93
2258.34
2412.23
2554.08
2684.23
2802.93
2910.42
3006.89
3092.57
3167.69
32325
3287.27
3332.3
3367.93
3394.51
3412.44
3422.14
3424.06
3418.68
3406.51
3388.1
3364.01
3334.84
3301.21
3263.79
3223.24
3180.29
3135.64
3090.08
3044.37
2999.32
2955.76
2914.56
2876.58
2842.72
2813.91
2791.09
2775.23
2767.31
2768.34
2779.36
2801.4
2835.55
2882.88



SL=269*R-5725 SU=375*R +0.06

dKtran = 17.74*{(3.75 * R + 0.06)/(26.9 * R - 5.725)}70.25
for 0.65 < R;

SL=11.76 SU =25 dKtran = 12.04

where:
CL = 1.4408e-030
CU = 1.4267e-013
are for the selected units of:
force: Ib
length: inch

Material Fracture Toughness KIc:
Material ID: LAS

Depth Klc

0.0000 63245.0000
4.0000 63245.0000

Initial crack size=  0.4375
Max. crack size= 3.5000

Number of blocks= 250
Print increment of block= 5

Cycles  Calc. Print Crk. Grw. Mat.

Subblock /Time  incre. incre. Law Klc
HUCD+Trip 2 1 S LAS LAS
Normal and Trip 2 1 5 LAS LAS
Leak Test 1 1 5 LAS LAS
Variations 4000 40 4000 LAS LAS
Kmax Kmin
Subblock Case ID Scale Factor Case ID Scale Factor
HUCD+Trip 2235 Psig  1.2477 2235 Psig  0.0000
Reactor Trip  1.1000 Heatup 1.1000

2235 Crack Pressure  1.2477
Normal and Trip 2235 Psig  1.1000 2235 Psig  0.8293
2235 Crack Pressure  1.1000 2235 Crack Pressure  0.8293

Leak Test 2235 Psig  1.1000 2235 Psig  0.0000
2235 Crack Pressure  1.1000 Heatup  0.5500
Variations 2235 Psig  1.1492 2235 Psig  1.0508

2235 Crack Pressure  1.1492 2235 Crack Pressure  1.0508

Crack growth results:

Total Subblock
Cycles Cydles DaDn
/Time /Time Kmax  Kmin Deltak R /DaDt Da a afthk
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Block: 5§
16022 2 3.77e+004 -1.10e+004 4.87e+004 -0.29 1.97e-004 1.97e-004 0.4398 0.00
16024 2 2.47e+004 1.86e+004 6.07e+003 0.75 5.48e-007 5.48e-007 0.4398 0.00
16025 | 12.47e+004 -5.51e+003 3.02e+004 -0.22 7.74e-005 7.74e-005 0.4399 0.00
20025 4000 2.58e+004 2.36e+004 2.21e+003 0.91 1.33e-009 5.32e-008 0.4399 0.00

Block: 10
36047 2 3.77e+004 -1.10e+004 4.88e+004 -0.29 1.97e-004 1.97e-004 0.4422 0.00
36049 2 2.47e+004 1.86e+004 6.08e+003 0.75 5.56e-007 5.56e-007 0.4422 0.00
36050 1 2.47¢+004 -5.52e+003 3.02e+004 -0.22 7.77e-005 7.77e-005 0.4423 0.00
40050 4000 2.58e+004 2.36e+004 2.21e+003 0.91 1.35e-009 5.40e-008 0.4423 0.00

Block: 15
56072 2 3.78e+004 -1.11e+004 4.89e+004 -0.29 1.98e-004 1.98e-004 0.4446 0.00
56074 2 2.48e+004 1.87e+004 6.10e+003 0.75 5.64e-007 5.64e-007 0.4446 0.00
56075 1 2.48e+004 -5.53e+003 3.03e+004 -0.22 7.81e-005 7.81e-005 0.4447 0.00
60075 4000 2.59e+004 2.37e+004 2.22e+003 0.91 1.37e-009 5.48e-008 0.4447 0.00

Block: 20
76097 2 3.79e+004 -1.11e+004 4.90e+004 -0.29 1.99e-004 1.99e-004 0.447 0.00
76099 2 2.48e+004 1.87e+004 6.11e+003 0.75 5.73e-007 5.73e-007 0.447 0.00
76100 1 2.48e+004 -5.54e+003 3.04e+004 -0.22 7.84e-005 7.84e-005 0.4471 0.00
80100 4000 2.60e+004 2.37e+004 2.22e+003 0.91 1.39e-009 5.56e-008 0.4471 0.00

Block: 25
96122 2 3.80e+004 -1.11e+004 4.91e+004 -0.29 2.00e-004 2.00e-004 0.4494 0.00
96124 2 2.49¢+004 1.88e+004 6.13e+003 0.75 5.81e-007 5.81e-007 0.4494 0.00
96125 1 2.49e+004 -5.55e+003 3.05e+004 -0.22 7.88e-005 7.88e-005 0.4495 0.00
100125 4000 2.60e+004 2.38e+004 2.23e+003 0.91 1.41e-009 5.64e-008 0.4495 0.00

Block: 30
116147 2 3.81e+004 -1.11e+004 4.92e+004 -0.29 2.01e-004 2.01e-004 0.4519 0.00
116149 2 2.50e+004 1.88e+004 6.14e+003 0.75 5.90e-007 5.90e-007 0.4519 0.00
116150 1 2.50e+004 -5.56e+003 3.05e+004 -0.22 7.91e-005 7.91e-005 0.4519 0.00
120150 4000 2.61e+004 2.39e+004 2.23e+003 0.91 1.43e-009 5.72e-008 0.4519 0.00

Block: 35
136172 2 3.82e+004 -1.11e+004 4.93e+004 -0.29 2.01e-004 2.01e-004 0.4543 0.00
136174 2 2.50e+004 1.89e+004 6.16e+003 0.75 5.98e-007 5.98e-007 0.4543 0.00
136175 1 2.50e+004 -5.57e+003 3.06e+004 -0.22 7.95e-005 7.95e-005 0.4544 0.00
140175 4000 2.62e+004 2.39e+004 2.24e+003 0.91 1.45e-009 5.81e-008 0.4544 0.00

Block: 40
156197 2 3.82e+004 -1.11e+004 4.94e+004 -0.29 2.02e-004 2.02e-004 0.4568 0.00
156199 2 2.51e+004 1.89e+004 6.17e+003 0.75 6.07e-007 6.07e-007 0.4568 0.00
156200 1 2.51e+004 -5.57e+003 3.07e+004 -0.22 7.98e-005 7.98e-005 0.4568 0.00
160200 4000 2.62e+004 2.40e+004 2.24e+003 0.91 1.47e-009 5.89e-008 0.4568 0.00

Block: 45
176222 2 3.83e+004 -1.12e+004 4.95e+004 -0.29 2.03e-004 2.03e-004 0.4592 0.00
176224 2 2.52e+004 1.90e+004 6.19e+003 0.75 6.16e-007 6.16e-007 0.4592 0.00
176225 1 2.52e+004 -5.58e+003 3.07e+004 -0.22 8.02e-005 8.02e-005 0.4593 0.00
180225 4000 2.63e+004 2.40e+004 2.25e+003 0.91 1.49e-009 5.98e-008 0.4593 0.00

Block: 50
196247 2 3.84e+004 -1.12e+004 4.96e+004 -0.29 2.04e-004 2.04e-004 0.4617 0.00
196249 2 2.52e+004 1.90e+004 6.21e+003 0.75 6.25e-007 6.25e-007 0.4617 0.00
196250 1 2.52e+004 -5.59e+003 3.08e+004 -0.22 8.06e-005 8.06e-005 0.4618 0.00
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200250

Block:
216272
216274
216275
220275

Block:
236297
236299
236300
240300

Block:
256322
256324
256325
260325

Block:
276347
276349
276350
280350

Block:
296372
296374
296375
300375

Block:
316397
316399
316400
320400

Block:
336422
336424
336425
340425

Block:

356447

356449
356450
360450

Block:
376472
376474

376475

380475

Block: 100
396497
396499

65

70

75

80

14000 2.63e+004 2.41e+004 2.26e+003 0.91 1.52e-009 6.07e-008 0.4618 0.00

2 3.85e+004 -1.12e+004 4.97e+004 -0.29 2.05e-004 2.05e-004 0.4642 0.00
2 2.53e+004 1.91e+004 6.22e+003 0.75 6.34e-007 6.34e-007 0.4642 0.00
" 12.53e+004 -5.60e+003 3.09e+004 -0.22 8.09e-005 8.09e-005 0.4643 0.00
4000 2.64e+004 2.41e+004 2.26e+003 0.91 1.54e-009 6.16e-008 0.4643 0.00

2 3.86e+004 -1.12e+004 4.98e+004 -0.29 2.06e-004 2.06e-004 0.4667 0.00

2 2.53e+004 1.91e+004 6.24e+003 0.75 6.44e-007 6.44e-007 0.4667 0.00

1 2.53e+004 -5.61e+003 3.10e+004 -0.22 8.13e-005 8.13e-005 0.4667 0.00
4000 2.65e+004 2.42e+004 2.27e+003 0.91 1.56e-009 6.25e-008 0.4668 0.00

2 3.87e+004 -1.12e+004 4.99e+004 -0.29 2.06e-004 2.06e-004 0.4692 0.00

2 2.54e+004 1.92e+004 6.25e+003 0.75 6.54e-007 6.54e-007 0.4692 0.00

1 2.54e+004 -5.62e+003 3.10e+004 -0.22 8.17e-005 8.17e-005 0.4693 0.00
4000 2.65e+004 2.43e+004 2.27e+003 0.91 1.59e-009 6.34e-008 0.4693 0.00

2 3.88e+004 -1.13e+004 5.00e+004 -0.29 2.07e-004 2.07e-004 0.4717 0.00

2 2.55e+004 1.92e+004 6.27e+003 0.75 6.63e-007 6.63e-007 0.4717 0.00

1 2.55e+004 -5.63e+003 3.11e+004 -0.22 8.21e-005 8.21e-005 0.4718 0.00
4000 2.66e+004 2.43e+004 2.28e+003 0.91 1.61e-009 6.44e-008 0.4718 0.00

2 3.88e+004 -1.13e+004 5.01e+004 -0.29 2.08e-004 2.08e-004 0.4742 0.00

2 2.55e+004 1.92e+004 6.28e+003 0.75 6.73e-007 6.73e-007 0.4742 0.00

1 2.55e+004 -5.64e+003 3.12e+004 -0.22 8.24e-005 8.24e-005 0.4743 0.00
4000 2.67e+004 2.44e+004 2.28e+003 0.91 1.63e-009 6.53e-008 0.4743 0.00

2 3.89e+004 -1.13e+004 5.02e+004 -0.29 2.09e-004 2.09e-004 0.4767 0.00

2 2.56e+004 1.93e+004 6.30e+003 0.75 6.83e-007 6.83e-007 0.4767 0.00

1 2.56e+004 -5.65e+003 3.12e+004 -0.22 8.28e-005 8.28e-005 0.4768 0.00
4000 2.67e+004 2.45e+004 2.29e+003 0.91 1.66e-009 6.63e-008 0.4768 0.00

2 3.90e+004 -1.13e+004 5.03e+004 -0.29 2.10e-004 2.10e-004 0.4793 0.00

2 2.57e+004 1.93e+004 6.31e+003 0.75 6.93e-007 6.93e-007 0.4793 0.00

1 2.57e+004 -5.66e+003 3.13e+004 -0.22 8.32e-005 8.32e-005 0.4794 0.00
4000 2.68e+004 2.45e+004 2.30e+003 0.91 1.68e-009 6.73e-008 0.4794 0.00

2 3.91e+004 -1.13e+004 5.04e+004 -0.29 2.11e-004 2.11e-004 0.4818 0.00

2 2.57e+004 1.94e+004 6.33e+003 0.75 7.04e-007 7.04e-007 0.4819 0.00

1 2.57e+004 -5.67e+003 3.14e+004 -0.22 8.36e-005 8.36e-005 0.4819 0.00
4000 2.69e+004 2.46e+004 2.30e+003 0.91 1.71e-009 6.83e-008 0.4819 0.00

2 3.92e+004 -1.14e+004 5.06e+004 -0.29 2.12e-004 2.12e-004 0.4844 0.00

2 2.58e+004 1.94e+004 6.35e+003 0.75 7.15e-007 7.15e-007 0.4844 0.00

1 2.58e+004 -5.68e+003 3.15e+004 -0.22 8.40e-005 8.40e-005 0.4845 0.00
4000 2.69e+004 2.46e+004 2.31e+003 0.91 1.73e-009 6.93e-008 0.4845 0.00

2 3.93e+004 -1.14e+004 5.07e+004 -0.29 2.13e-004 2.13e-004 0.487 0.00
2 2.59e+004 1.95e+004 6.36e+003 0.75 7.25e-007 7.25e-007 0.487 0.00
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396500
400500

Block: 105

416522
416524
416525
420525

Block: 110

436547
436549
436550
440550

Block: 115

456572
456574
456575
460575

Block: 120

476597
476599
476600
480600

Block: 125

496622
496624
496625
500625

Block: 130

516647
516649
516650
520650

Block: 135

536672
536674
536675
540675

Block: 140

556697
556699
556700
560700

Block: 145

576722
576724
576725

580725

Block: 150
596747

12.59e+00C4 -5.65e+003 3.15e+004 -0.22 8.44e-005 8.44e-005 0.4871 0.00

14000 2.70e+004 2.47e+004 2.31e+003 0.91 1.76e-009 7.04e-008 0.4871 0.00

2 3.94e+004 -1.14e+004 5.08e+004 -0.29 2.13e-004 2.13e-004 0.4896 0.00

- 22.59e+004 1.95e+004 6.38e+003 0.75 7.36e-007 7.36e-007 0.4896 0.00

1 2.59e+004 -5.70e+003 3.16e+004 -0.22 8.47e-005 8.47e-005 0.4897 0.00
4000 2.71e+004 2.48e+004 2.32e+003 0.91 1.79e-009 7.14e-008 0.4897 0.00

2 3.95e+004 -1.14e+004 5.09e+004 -0.29 2.14e-004 2.14e-004 0.4922 0.00

2 2.60e+004 1.96e+004 6.39e+003 0.75 7.47e-007 7.47e-007 0.4922 0.00

1 2.60e+004 -5.71e+003 3.17e+004 -0.22 8.51e-005 8.51e-005 0.4923 0.00
4000 2.71e+004 2.48e+004 2.32e+003 0.91 1.81e-009 7.24e-008 0.4923 0.00

2 3.95e+004 -1.14e+004 5.10e+004 -0.29 2.15e-004 2.15e-004 0.4948 0.00

2 2.60e+004 1.96e+004 6.41e+003 0.75 7.57e-007 7.57e-007 0.4948 0.00

1 2.60e+004 -5.72e+003 3.18e+004 -0.22 8.55e-005 8.55e-005 0.4949 0.00
4000 2.72e+004 2.49e+004 2.33e+003 0.91 1.84e-009 7.34e-008 0.4949 0.00

2 3.96e+004 -1.15e+004 5.11e+004 -0.29 2.16e-004 2.16e-004 0.4974 0.00

2 2.61e+004 1.97e+004 6.42e+003 0.75 7.67e-007 7.67e-007 0.4974 0.00

12.61e+004 -5.73e+003 3.18e+004 -0.22 8.58e-005 8.58e-005 0.4975 0.00
4000 2.73e+004 2.49e+004 2.33e+003 0.91 1.86e-009 7.44e-008 0.4975 0.00

2 3.97e+004 -1.15e+004 5.12e+004 -0.29 2.17e-004 2.17e-004 0.5001 0.00

2 2.62e+004 1.97e+004 6.44e+003 0.75 7.78e-007 7.78e-007 0.5001 0.00

1 2.62e+004 -5.73e+003 3.19e+004 -0.22 8.62e-005 8.62e-005 0.5001 0.00
4000 2.73e+004 2.50e+004 2.34e+003 0.91 1.89e-009 7.55e-008 0.5002 0.00

2 3.98e+004 -1.15e+004 5.13e+004 -0.29 2.17e-004 2.17e-004 0.5027 0.00

2 2.62e+004 1.98e+004 6.45e+003 0.75 7.89e-007 7.89e-007 0.5027 0.00

1 2.62e+004 -5.74e+003 3.20e+004 -0.22 8.65e-005 8.65e-005 0.5028 0.00
4000 2.74e+004 2.50e+004 2.35e+003 0.91 1.91e-009 7.65e-008 0.5028 0.00

2 3.99e+004 -1.15e+004 5.14e+004 -0.29 2.18e-004 2.18e-004 0.5053 0.00

2 2.63e+004 1.98e+004 6.47e+003 0.7S 8.00e-007 8.00e-007 0.5053 0.00

1 2.63e+004 -5.75e+003 3.20e+004 -0.22 8.69e-005 8.69e-005 0.5054 0.00
4000 2.75e+004 2.51e+004 2.35e+003 0.91 1.94e-009 7.76e-008 0.5054 0.00

2 3.99e+004 -1.15e+004 5.15e+004 -0.29 2.19e-004 2.19e-004 0.508 0.00

2 2.63e+004 1.99e+004 6.48e+003 0.75 8.11e-007 8.11e-007 0.508 0.00

1 2.63e+004 -5.76e+003 3.21e+004 -0.22 8.73e-005 8.73e-005 0.5081 0.00
4000 2.75e+004 2.52e+004 2.36e+003 0.91 1.97e-009 7.87e-008 0.5081 0.00

2 4.00e+004 -1.15e+004 5.16e+004 -0.29 2.20e-004 2.20e-004 0.5107 0.00

2 2.64e+004 1.99e+004 6.50e+003 0.75 8.22e-007 8.22e-007 0.5107 0.00

1 2.64e+004 -5.77e+003 3.22e+004 -0.22 8.76e-005 8.76e-005 0.5108 0.00
4000 2.76e+004 2.52e+004 2.36e+003 0.91 1.99e-009 7.98e-008 0.5108 0.00

24.01e+004 -1.16e+004 5.17e+004 -0.29 2.21e-004 2.21e-004 0.5134 0.00
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596749 - 2 2.65e+004 2.00e+004 6.51e+003 0.75 8.33e-007 8.33e-007 0.5134 0.00
596750 1 2.65e+004 -5.78e+003 3.22e+004 -0.22 8.80e-005 8.80e-005 0.5134 0.00
600750 4000 2.76e+004 2.53e+004 2.37e+003 0.91 2.02e-009 8.09e-008 0.5135 0.00

Block: 155
616772 2 4.02e+004 -1.16e+004 5.18e+004 -0.29 2.22e-004 2.22e-004 0.516 0.00
616774 2 2.65e+004 2.00e+004 6.53e+003 0.75 8.45e-007 8.45e-007 0.516 0.00
616775 1 2.65e+004 -5.78e+003 3.23e+004 -0.22 8.84e-005 8.84e-005 0.5161 0.00
620775 4000 2.77e+004 2.53e+004 2.37e+003 0.91 2.05e-009 8.20e-008 0.5161 0.00

Block: 160
636797 2 4.03e+004 -1.16e+004 5.19e+004 -0.29 2.22e-004 2.22e-004 0.5187 0.00
636799 2 2.66e+004 2.00e+004 6.54e+003 0.75 8.57¢-007 8.57e-007 0.5187 0.00
636800 1 2.66e+004 -5.79e+003 3.24e+004 -0.22 8.88e-005 8.88e-005 0.5188 0.00
640800 4000 2.78e+004 2.54e+004 2.38e+003 0.91 2.08e-009 8.31e-008 0.5188 0.00

Block: 165
656822 2 4.03e+004 -1.16e+004 5.20e+004 -0.29 2.23e-004 2.23e-004 0.5215 0.00
656824 2 2.66e+004 2.01e+004 6.56e+003 0.75 8.69e-007 8.69e-007 0.5215 0.00
656825 1 2.66e+004 -5.80e+003 3.25e+004 -0.22 8.91e-005 8.91e-005 0.5216 0.00
660825 4000 2.78e+004 2.55e+004 2.38e+003 0.91 2.11e-009 8.43e-008 0.5216 0.00

Block: 170
676847 2 4.04e+004 -1.16e+004 5.21e+004 -0.29 2.24e-004 2.24e-004 0.5242 0.00

676849 2 2.67e+004 2.01e+004 6.57e+003 0.75 8.81e-007 8.81e-007 0.5242 0.00
676850 12.67e+004 -5.81e+003 3.25e+004 -0.22 8.95e-005 8.95e-005 0.5243 0.00
680850 4000 2.79e+004 2.55e+004 2.39e+003 0.91 2.14e-009 8.55e-008 0.5243 0.00

Block: 175
696872 2 4.05e+004 -1.16e-+004 5.22e+004 -0.29 2.25e-004 2.25e-004 0.5269 0.00
696874 2 2.68e+004 2.02e+004 6.59¢+003 0.75 8.93e-007 8.93e-007 0.5269 0.00
696875 1 2.68e+004 -5.82e+003 3.26e+004 -0.22 8.99e-005 8.99e-005 0.527 0.00
700875 4000 2.80e+004 2.56e+004 2.39e+003 0.91 2.17e-009 8.67e-008 0.527 0.00

Block: 180 ,
716897 2 4.06e+004 -1.17e+004 5.23e+004 -0.29 2.26e-004 2.26e-004 0.5297 0.00
716899 2 2.68e+004 2.02e+004 6.60e+003 0.75 9.06e-007 9.06e-007 0.5297 0.00
716900 1 2.68e+004 -5.83e+003 3.27e+004 -0.22 9.03e-005 9.03e-005 0.5297 0.00
720900 4000 2.80e+004 2.56e+004 2.40e+003 0.91 2.20e-009 8.79e-008 0.5298 0.00

Block: 185
736922 2 4.07e+004 -1.17e+004 5.24e+004 -0.29 2.27e-004 2.27e-004 0.5324 0.00

736924 2 2.69e+004 2.03e+004 6.62e+003 0.75 9.18e-007 9.18e-007 0.5324 0.00
736925 1 2.69e+004 -5.84e+003 3.27e+004 -0.22 9.07e-005 9.07e-005 0.5325 0.00
740925 4000 2.81e+004 2.57e+004 2.41e+003 0.91 2.23e-009 8.91e-008 0.5325 0.00

Block: 190
756947 24.08e+004 -1.17e+004 5.25e+004 -0.29 2.27e-004 2.27e-004 0.5352 0.00
756949 2 2.70e+004 2.03e+004 6.64e+003 0.75 9.31e-007 9.31e-007 0.5352 0.00
756950 1 2.70e+004 -5.84e+003 3.28e+004 -0.22 9.11e-005 9.11e-005 0.5353 0.00
760950 4000 2.82e+004 2.58e+004 2.41e+003 0.91 2.26e-009 9.04e-008 0.5353 0.00

Block: 195
776972 2 4.09e+004 -1.17e+004 5.26e+004 -0.29 2.28e-004 2.28e-004 0.538 0.00
776974 2 2.70e+004 2.04e+004 6.65e+003 0.75 9.45e-007 9.45e-007 0.538 0.00
776975 1 2.70e+004 -5.85e+003 3.29e+004 -0.22 9.15e-005 9.15e-005 0.5381 0.00
780975 4000 2.82e+004 2.58e+004 2.42e+003 0.91 2.29e-009 9.17e-008 0.5381 0.00

Block: 200
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796997 - 2 4.09e+004 -1.17e+004 5.27e+004 -0.29 2.29e-004 2.29e-004 0.5408 0.00
796999 2 2.71e+004 2.04e+004 6.67e+003 0.75 9.58e-007 9.58e-007 0.5408 0.00

797000 1 2.71e+004 -5.86e+003 3.30e+004 -0.22 9.19e-005 9.19e-005 0.5409 0.00
801000 4000 2.83e+004 2.59e+004 2.42e+003 0.91 2.32e-009 9.30e-008 0.5409 0.00

Block: 205
817022 24.10e+004 -1.17e+004 5.28e+004 -0.29 2.30e-004 2.30e-004 0.5436 0.00
817024 2 2.72e+004 2.05e+004 6.68e+003 0.75 9.72e-007 9.72e-007 0.5436 0.00
817025 12.72e+004 -5.87e+003 3.30e+004 -0.22 9.23e-005 9.23e-005 0.5437 0.00
821025 4000 2.84e+004 2.59e+004 2.43e+003 0.91 2.36e-009 9.43e-008 0.5437 0.00

Block: 210
837047 24.11e+004 -1.18e+004 5.29e+004 -0.29 2.31e-004 2.31e-004 0.5465 0.00
837049 2 2.72e+004 2.05e+004 6.70e+003 0.75 9.86e-007 9.86e-007 0.5465 0.00
837050 12.72e+004 -5.88e+003 3.31e+004 -0.22 9.27e-005 9.27e-005 0.5466 0.00
841050 4000 2.84e+004 2.60e+004 2.44e+003 0.91 2.39e-009 9.57e-008 0.5466 0.00

Block: 215
857072 2 4.12e+004 -1.18e+004 5.30e+004 -0.29 2.32e-004 2.32e-004 0.5493 0.00

857074 2 2.73e+004 2.06e+004 6.72e+003 0.75 1.00e-006 1.00e-006 0.5493 0.00
857075 1 2.73e+004 -5.89e+003 3.32e+004 -0.22 9.31e-005 9.31e-005 0.5494 0.00
861075 4000 2.85e+004 2.61e+004 2.44e+003 0.91 2.43e-009 9.70e-008 0.5494 0.00

Block: 220
877097 2 4.13e-+004 -1.18e+004 5.31e+004 -0.29 2.33e-004 2.33e-004 0.5522 0.00

877099 2 2.74e+004 2.06e+004 6.73e+003 0.75 1.01e-006 1.01e-006 0.5522 0.00
877100 1 2.74e+004 -5.90e+003 3.33e+004 -0.22 9.35e-005 9.35e-005 0.5523 0.00
881100 4000 2.86e+004 2.61e+004 2.45e+003 0.91 2.46e-009 9.84e-008 0.5523 0.00

Block: 225
897122 2 4.14e+004 -1.18e+004 5.32e+004 -0.29 2.34e-004 2.34e-004 0.5551 0.00

897124 2 2.74e+004 2.07e+004 6.75e+003 0.75 1.03e-006 1.03e-006 0.5551 0.00
897125 1 2.74e+004 -5.91e+003 3.33e+004 -0.22 9.39e-005 9.39e-005 0.5551 0.00
901125 4000 2.86e+004 2.62e+004 2.45e+003 0.91 2.50e-009 9.99e-008 0.5552 0.00

Block: 230
917147 2 4.15e+004 -1.18e+004 5.33e+004 -0.29 2.35e-004 2.35e-004 0.5579 0.00

917149 22.75e+004 2.07e+004 6.76e+003 0.75 1.04e-006 1.04e-006 0.5579 0.00
917150 1 2.75e+004 -5.92e+003 3.34e+004 -0.22 9.43e-005 9.43e-005 0.558 0.00
921150 4000 2.87e+004 2.63e+004 2.46e+003 0.91 2.53e-009 1.01e-007 0.558 0.00

Block: 23S
937172 2 4.16e+004 -1.18e+004 5.34e+004 -0.29 2.35e-004 2.35e-004 0.5608 0.00

937174 2 2.75e+004 2.08e+004 6.78e+003 0.75 1.06e-006 1.06e-006 0.5608 0.00
937175 1 2.75e+004 -5.92e+003 3.35e+004 -0.22 9.47e-005 9.47e-005 0.5609 0.00
941175 4000 2.88e+004 2.63e+004 2.46e+003 0.91 2.57e-009 1.03e-007 0.5609 0.00

Block: 240
957197 2 4.16e+004 -1.19e+004 5.35e+004 -0.28 2.36e-004 2.36e-004 0.5637 0.00

957199 2 2.76e+004 2.08e+004 6.79e+003 0.75 1.07e-006 1.07e-006 0.5637 0.00
957200 1 2.76e+004 -5.93e+003 3.35e+004 -0.21 9.51e-005 9.51e-005 0.5638 0.00
961200 4000 2.88e+004 2.64e+004 2.47e+003 0.91 2.60e-009 1.04e-007 0.5638 0.00

Block: 245
977222 24.17e+004 -1.19e+004 5.36e+004 -0.28 2.37e-004 2.37e-004 0.5666 0.00

977224 2 2.77e+004 2.09e+004 6.81e+003 0.75 1.09e-006 1.09e-006 0.5666 0.00
977225 1 2.77e+004 -5.94e+003 3.36e+004 -0.21 9.55e-005 9.55e-005 0.5667 0.00
981225 4000 2.89e+004 2.64e+004 2.48e+003 0.91 2.64e-009 1.05e-007 0.5668 0.00
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Block: 250

997247 2 4.18e+004 -1.19e+004 5.37e+004 -0.28 2.38e-004 2.38e-004 0.5696 0.00
997249 2 2.77e+004 2.09e+004 6.82e+003 0.75 1.10e-006 1.10e-006 0.5696 0.00

997250 1 2.77e+004 -5.95e+003 3.37e+004 -0.21 9.59e-005 9.59e-005 0.5697 0.00
1001250 4000 2.90e+004 2.65e+004 2.48e+003 0.91 2.67e-009 1.07e-007 0.5697 0.00

End of pc-CRACK Qutput
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pc-CRACK  for Windows
Version 3.1-98348
(C) Copyright '84 - '98
Structurai Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: pccrack@structint.com

Linear Elastic Fracture Mechanics
Date: Fri Oct 27 14:56:36 2000
Input Data and Results File: LONG.LFM
Title: WSES 100 percent Surface Crack
Load Cases:

Case ID: 2235 Psig —- Stress Distribution

Depth Stress

0.0000 22872.0000
0.2356 21611.0000
0.4712 20249.0000
0.7068 19006.0000
0.9424 18501.0000
1.1780 18102.0000
1.4136 17736.0000
1.6492 17397.0000
1.8848 17086.0000
2.1204 16811.0000
2.3560 16538.0000
2.5916 16335.0000
2.8272 16137.0000
3.0628 15978.0000
3.2984 15792.0000
3.5340 15656.0000
3.7696 15562.0000
4.0052 15478.0000
4.2408 15399.0000
4.4764 15464.0000
4.7120 15256.0000

Case ID: Heatup —- Stress Distribution

Depth Stress

0.0000 -14736.0000
0.2356 -11079.0000
0.4712 -7709.0000
0.7068 -5991.7002
0.9424 -4634.6001
1.1780 -3404.8000
1.4136 -2278.7000
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1.6492 -1251.9000
1.8848 -320.3700

2.1204 520.4200

2.3560 1274.3000
2.5916 1944.3000
2.8272 2529.6001
3.0628 3061.6001
3.2984 3479.6001
3.5340 3833.5000
3.7696 4118.2002
4.0052 4328.7998
4.2408 4463.2998
4.4764 4574.2002
4.7120 4502.7002

Case ID: Coodown — Stress Distribution

Depth  Stress

0.0000 15020.0000
0.2356 11245.0000
0.4712 7718.0000
0.7068 5895.1001
0.9424 4543.2998
1.1780 3329.2000
1.4136 2218.1001
1.6492 1205.1000
1.8848 286.1400
2.1204 -543.6100
2.3560 -1287.7000
2.5916 -1949.6000
2.8272 -2528.3999
3.0628 -3052.3000
3.2984 -3468.8000
3.5340 -3822.6001
3.7696 -4108.1001
4.0052 -4319.6001
4.2408 -4454.8999
4.4764 -4563.6001
4.7120 -4495.2002

Case ID: Reactor Trip -— Stress Distribution

Depth Stress

0.0000 13529.0000
0.2356 9909.4004
0.4712 6341.5000
0.7068 4318.8999
0.9424 3025.8999
1.1780 1940.4000
1.4136 1004.8000
1.6492 210.0800
1.8848 -455.8800
2.1204 -1007.1000
2.3560 -1456.4000
2.5916 -1818.7000
2.8272 -2106.1001
3.0628 -2341.0000
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3.2984 -2510.8999
3.5340 -2644.8000
3.7696 -2748.7000
4.0052 -2824.8000
4.2408 -2876.8999
4.4764 -2934.1001
4.7120 -2916.1001

Case ID: 2235 Crack Pressure -— Stress Distribution

Depth Stress

0.0000 2235.0000
0.2000 2235.0000
0.6000 2235.0000
0.8000 2235.0000
1.0000 2235.0000
1.2000 2235.0000
1.4000 2235.0000
1.6000 2235.0000
1.6001  0.0000

1.8000  0.0000

2.0000 0.0000
2.2000 0.0000
2.4000 0.0000
2.6000 0.0000
2.8000 0.0000
3.0000 0.0000
Stress Coefficients
Case ID Co c1 Q C3 Type
2235 Psig 22583.8 -5253.75 1447.81 -142.193 StressDist
Heatup -13689.3 11671.3 -2772.62 240.928 StressDist
Coodown 13911.6 -12107.7 2965.32 -264.652 StressDist
Reactor Trip 12593.1 -12961.7 3792.8 -374.081 StressDist

2235 Crack Pres 2018.21  2399.61 -2839.93  610.534 StressDist

Crack Model: Circumferential Crack in Cylinder (t/R=0.1)
Crack Parameters:

Wall thickness: 43125
Max. crack size:  3.4500

——vem————-

Stress Intensity Factor—-—--——-—-—---—
Crack Case Case Case Case Case
Size 2235Psig  Heatup Coodown Reactor Tr 2235 Crack

0.0690 115549 -6829.18 6935.08 6237.28  1089.14
0.1380 162659 -9368.95 9507.39 8494.7  1605.07
0.2070 198334 -11127.8 11284 100149  2035.59
0.2760  22804.3 -12456.8 12622.5 11127  2420.46
0.3450  25392.1 -13497.1  13666.7 11964.6 2773.02
0.4140  27706.9 -14323.7 14493.1  12599.3  3099.04
0.4830 29979.6 -15067.4 152344  13149.7 3420.2

SIR-00-150, Rev. 0 B-15



0.5520 . 32167.2 -15705.4 138719  i3601.3
0.6210 342457 -16242.6  16398.5 13949.5
0.6900  36234.6 -16681.4  16829.1  14208.8
0.7590 381489 -17037.3 171754  14390.8
0.8280 40000 -17319.2 17446.5  14504.3
0.8970 - 41913.2 -17587.6 17703.7 14602.6
0.9660  43907.3 -17849.8 17954.4  14692.2
1.0350  45875.1 -18057.8  18150.2 147328
1.1040  47820.6 -18215.1 18294.8 14728.4
1.1730  49747.5 -18325.1 18391.5  14682.6
1.2420  51658.7 -18390.4  18443.3  14598.4
1.3110 53684 -18479.4  18519.4  14537.6
1.3800 56095.6 -18731.3  18761.2  14625.2
1.4490  58522.1 -18954.1  18973.7  14689.9
1.5180 60964.5 -19148.8 19158.5 14733.6
1.5870  63423.3 -19316.9 19316.7 14757.8
1.6560  65899.2 -19459.4  19449.7 14764.2
1.7250  68392.8 -19577.4  19558.6 14754.3
1.7940 710585 -19727.1 19699.4  14770.3
1.8630 73746.9 -19852.4 19816.1  14769.6
19320 76457.9 -19953.9 19909.4  14753.4
2.0010  79191.7 -20032.2 19979.8 14722.4
2.0700 81948.4 -20087.8 20028.1 14677.7
2.1390 84728.1 -20121.5 200549  14619.9
2.2080 87699.9 -20143.9  20069.4  14543.7
2.2770  90754.3 -20142.2  20059.6  14446.9
2.3460  93835.1 -20112.2  20021.8  14331.1
2.4150 96942 -20054.2 19956.4 14196.8
2.4840 100075 -19968.5 19863.6  14044.3
2.5530 103233 -19855.3 19743.6  13874.2
2.6220 106609 -19878.2 19764.5 13853.1
2.6910 110214 -20050  19939.7  13995.5
2.7600 113857 -20212.1  20106.2  14139.9
2.8290 117538 -20364.9 20264.3  14286.9
2.8980 121258 -20508.8 20414.3  14436.7
2.9670 125016 -20644  20556.7  14589.8
3.0360 128852 -20664  20581.6  14633.1
3.1050 132847 -20337  20250.5  14323.8
3.1740 136874 -19973  19882.8 139924
3.2430 140935 -19572.4 19479.1  13639.1
3.3120 145028 -19135.6 19039.6 13264.6
3.3810 149152 -18662.8  18564.6 12869
3.4500 153308 -18154.4  18054.4  12452.6

Crack Growth Laws:

Law ID: LAS
Model: ASME Section XI - ferritic steel in water environment

da/dN = CL * SL * dKA5.95 for dK < dKtran
da/dN = CU * SU * dK~1.95 for dK >= dKtran
where
dK = Kmax - Kmin
R = Kmin / Kmax
for R <= 0.25:
SL=1.0 SU=1.0 dKtran=17.74
for 0.25 < R <= 0.65:
SL=269*R-5725 SU=3.75*R+0.06
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3729.14
4020.65
4294.87
4551.83
4791.5
5026.73
5258.46
5473.82
5672.49
5854.24
6018.91
6178.4
6357.64
6521.18
6669.04
6801.37
6918.43
7020.64
7135.06
7237.65
7329.25
7410.82
7483.46
7548.42
7633.34
7723.05
7810.68
7898.15
7987.56
8081.21
8174.24
8267.22
8369.65
8484.58
8615.32
8765.38
8938.94
9136.75
9359.18
9610.65
9895.86
10219.8
10587.9



dKtran = 17.74*{(3.75 * R + 0.06)/(26.9 * R - 5.725)}~0.25
for 0.65 < R:
SL=11.76 SU =25 dKtran = 12.04

where:
CL = 1.4408e-030
CU = 1.4267e-013
are for the selected units of:
force: Ib
length: inch

Material Fracture Toughness Klc:
Material ID: LAS

Depth Klc

0.0000 63245.0000
4.0000 63245.0000

Initial crack size= 0.4375
Max. crack size= 3.4500

Number of blocks= 250
Print increment of block= L)

Cycles Calc. Print Crk. Grw. Mat.

Subbiock /Time  incre. incre. Law Kic
HUCD+Trip 2 1 5 LAS LAS
Normal and Trip 2 1 5 LAS LAS
Leak Test 1 1 S LAS LAS
Variations 4000 40 4000 LAS LAS
Kmax Kmin
Subblock Case ID Scale Factor Case ID Scale Factor
HUCD+Trip 2235 Psig  1.1342 2235 Psig 0.0000
Reactor Trip  1.0000 Heatup 1.0000

2235 Crack Pressure  1.1342
Normal and Trip 2235 Psig  1.0000 2235Psig  0.7539
2235 Crack Pressure  1.0000 2235 Crack Pressure  0.7539

Leak Test 2235 Psig  1.0000 2235 Psig  0.0000
2235 Crack Pressure  1.0000 Heatup  0.5000
Variations 2235 Psig  1.0447 2235 Psig  0.9545

2235 Crack Pressure  1.0447 2235 Crack Pressure  0.9545

Crack growth results:

Total Subblock
Cydes Cycles DaDn
[Time /Time Kmax Kmin Deltak R /DaDt Da a ajthk
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Block:
16022
16024
16025
20025

Block:
36047
36049
36050
40050

Block:
56072
56074
56075
60075

Block:
76097
76099
76100
80100

Block:
96122
96124
96125
100125

Block:
116147
116149
116150
120150

Block:
136172
136174
136175
140175

Block:
156197
156199

156200
160200

Block:
176222

176224
176225
180225

Block:

196247
196249
196250
200250

2 4.89e+004 -1.46e+004 6.35e+004 -0.30 3.30e-004 3.30e-004 0.4414 0.10

2 3.18e+004 2.40e+004 7.84e+003 0.75 2.50e-006 2.50e-006 0.4414 0.10

1 3.18e+004 -7.31e+003 3.91e+004 -0.23 1.29e-004 1.29e-004 0.4416 0.10
4000 3.33e+004 3.04e+004 2.87e+003 0.91 6.39e-009 2.56e-007 0.4416 0.10

2 4.91e+004 -1.47e+004 6.38e+004 -0.30 3.33e-004 3.33e-004 0.4455 0.10

2 3.20e+004 2.41e+004 7.87e+003 0.75 2.58e-006 2.58e-006 0.4456 0.10

1 3.20e+004 -7.33e+003 3.93e+004 -0.23 1.30e-004 1.30e-004 0.4457 0.10
4000 3.34e-+004 3.05e+004 2.89e+003 0.91 6.58e-009 2.63e-007 0.4457 0.10

2 4.93e+004 -1.47e+004 6.40e+004 -0.30 3.36e-004 3.36e-004 0.4497 0.10

2 3.21e+004 2.42e+004 7.91e+003 0.75 2.65e-006 2.65e-006 0.4497 0.10

1 3.21e+004 -7.35e+003 3.95e+004 -0.23 1.31e-004 1.31e-004 0.4498 0.10
4000 3.36e+004 3.07e+004 2.90e+003 0.91 6.78e-009 2.71e-007 0.4499 0.10

2 4.95e+004 -1.47e+004 6.43e+004 -0.30 3.38e-004 3.38e-004 0.4539 0.11

2 3.23e+004 2.44e+004 7.95e+003 0.75 2.73e-006 2.73e-006 0.4539 0.11

1 3.23e+004 -7.38e+003 3.97e+004 -0.23 1.32e-004 1.32e-004 0.454 0.11
4000 3.38e+004 3.08e+004 2.91e+003 0.91 6.98e-009 2.79e-007 0.4541 0.11

2 4.98e+004 -1.48e+004 6.46e+004 -0.30 3.41e-004 3.41e-004 0.4581 0.11

2 3.25e+004 2.45e+004 7.99e+003 0.75 2.81e-006 2.81e-006 0.4581 0.11

1 3.25e+004 -7.40e+003 3.99e+004 -0.23 1.33e-004 1.33e-004 0.4583 0.11
4000 3.39e+004 3.10e+004 2.93e+003 0.91 7.18e-009 2.87e-007 0.4583 0.11

2 5.00e+004 -1.48e+004 6.48e+004 -0.30 3.44e-004 3.44e-004 0.4624 0.11

2 3.26e+004 2.46e+004 8.03e+003 0.75 2.90e-006 2.90e-006 0.4624 0.11

1 3.26e+004 -7.42e+003 4.00e+004 -0.23 1.34e-004 1.34e-004 0.4625 0.11
4000 3.41e+004 3.11e+004 2.94e+003 0.91 7.40e-009 2.96e-007 0.4626 0.11

2 5.02e+004 -1.49e+004 6.51e+004 -0.30 3.46e-004 3.46e-004 0.4667 0.11

2 3.28e+004 2.47e+004 8.07e+003 0.75 2.98e-006 2.98e-006 0.4667 0.11

1 3.28e+004 -7.45e+003 4.02e+004 -0.23 1.36e-004 1.36e-004 0.4668 0.11
4000 3.43e+004 3.13e+004 2.96e+003 0.91 7.62e-009 3.05e-007 0.4669 0.11

2 5.04e+004 -1.49e+004 6.53e-+004 -0.30 3.49e-004 3.49e-004 0.471 0.11

2 3.29e+004 2.48e+004 8.11e+003 0.75 3.07e-006 3.07e-006 0.471 0.11

1 3.29e+004 -7.47e+003 4.04e+004 -0.23 1.37e-004 1.37e-004 0.4712 0.11
4000 3.44e+004 3.15e+004 2.97e+003 0.91 7.85e-009 3.14e-007 0.4712 0.11

2 5.06e+004 -1.50e+004 6.56e+004 -0.30 3.52e-004 3.52e-004 0.4754 0.11

2 3.31e+004 2.50e+004 8.15e+003 0.75 3.16e-006 3.16e-006 0.4754 0.11

1 3.31e+004 -7.49e+003 4.06e+004 -0.23 1.38e-004 1.38e-004 0.4756 0.11
4000 3.46e+004 3.16e+004 2.99e+003 0.91 8.08e-009 3.23e-007 0.4756 0.11

2 5.09e+004 -1.50e+004 6.59e+004 -0.30 3.55e-004 3.55e-004 0.4798 0.11

2 3.33e+004 2.51e+004 8.19e+003 0.75 3.26e-006 3.26e-006 0.4798 0.11

1 3.33e+004 -7.52e+003 4.08e+004 -0.23 1.39e-004 1.39e-004 0.48 0.11
4000 3.48e+004 3.18e+004 3.00e+003 0.91 8.33e-009 3.33e-007 0.48 0.11
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Block: S5
216272 2 5.11e+004 -1.51e+004 6.62e+004 -0.30 3.58e-004 3.58e-004 0.4843 0.11
216274 2 3.34e+004 2.52e+004 8.23e+003 0.75 3.36€-006 3.36e-006 0.4843 0.11
216275 1 3.34e+004 -7.54e+003 4.10e+004 -0.23 1.41e-004 1.41e-004 0.4844 0.11
220275  -4000 3.49e+004 3.19e+004 3.02e+003 0.91 8.58e-009 3.43e-007 0.4845 0.11

Block: 60
236297 2 5.13e+004 -1.51e+004 6.64e+004 -0.29 3.60e-004 3.60e-004 0.4888 0.11
236299 2 3.36e+004 2.53e+004 8.27e+003 0.75 3.46e-006 3.46e-006 0.4888 0.11
236300 1 3.36e+004 -7.56e+003 4.12e+004 -0.22 1.42e-004 1.42e-004 0.489 0.11
240300 4000 3.51e+004 3.21e+004 3.03e+003 0.91 8.83e-009 3.53e-007 0.489 0.11

Block: 65
256322 2 5.15e+004 -1.52e+004 6.67e+004 -0.29 3.63e-004 3.63e-004 0.4933 0.11
256324 2 3.38e+004 2.55e+004 8.31e+003 0.75 3.56e-006 3.56e-006 0.4934 0.11
256325 1 3.38e+004 -7.58e+003 4.14e+004 -0.22 1.43e-004 1.43e-004 0.4935 0.11
260325 4000 3.53e+004 3.22e+004 3.05e+003 0.91 9.09e-009 3.64e-007 0.4935 0.11

Block: 70
276347 2 5.17e+004 -1.52e+004 6.69e+004 -0.29 3.66e-004 3.66e-004 0.4979 0.12
276349 2 3.39e+004 2.56e+004 8.35e+003 0.75 3.66e-006 3.66e-006 0.4979 0.12
276350 1 3.39e+004 -7.60e+003 4.15e+004 -0.22 1.44e-004 1.44e-004 0.4981 0.12
280350 4000 3.55e+004 3.24e+004 3.06e+003 0.91 9.36e-009 3.74e-007 0.4981 0.12

Block: 75
296372 2 5.19e+004 -1.52e+004 6.72e+004 -0.29 3.69e-004 3.69e-004 0.5025 0.i2
296374 2 3.41e+004 2.57e+004 8.39¢+003 0.75 3.77e-006 3.77e-006 0.5026 0.12
296375 1 3.41e+004 -7.62e+003 4.17e+004 -0.22 1.46e-004 1.46e-004 0.5027 0.12
300375 4000 3.56e+004 3.26e+004 3.08e+003 0.91 9.63e-009 3.85e-007 0.5027 0.12

Block: 80
316397 2 5.22e+004 -1.53e+004 6.75e+004 -0.29 3.71e-004 3.71e-004 0.5072 0.12
316399 2 3.43e+004 2.58e+004 8.44e+003 0.75 3.88e-006 3.88e-006 0.5072 0.12
316400 1 3.43e+004 -7.65e+003 4.19e+004 -0.22 1.47e-004 1.47e-004 0.5074 0.12
320400 4000 3.58e+004 3.27e+004 3.09e+003 0.91 9.92e-009 3.97e-007 0.5074 0.12

Block: 85
336422 2 5.24e+004 -1.53e+004 6.77e+004 -0.29 3.74e-004 3.74e-004 0.5119 0.12

336424 2 3.44e+004 2.60e+004 8.48e+003 0.75 4.00e-006 4.00e-006 0.5119 0.12
336425 1 3.44e+004 -7.67e+003 4.21e+004 -0.22 1.48e-004 1.48e-004 0.5121 0.12
340425 4000 3.60e+004 3.29e+004 3.11e+003 0.91 1.02e-008 4.09e-007 0.5121 0.12

Block: 90
356447 2 5.26e+004 -1.54e+004 6.80e+004 -0.29 3.77e-004 3.77e-004 0.5167 0.12

356449 2 3.46e+004 2.61e+004 8.52e+003 0.75 4.12e-006 4.12e-006 0.5167 0.12
356450 1 3.46e+004 -7.69e+003 4.23e+004 -0.22 1.50e-004 1.50e-004 0.5168 0.12
360450 4000 3.62e+004 3.31e+004 3.12e+003 0.91 1.05e-008 4.21e-007 0.5169 0.12

Block: 95
376472 2 5.28e+004 -1.54e+004 6.83e+004 -0.29 3.80e-004 3.80e-004 0.5215 0.12
376474 2 3.48e+004 2.62e+004 8.56e+003 0.75 4.25e-006 4.25e-006 0.5215 0.12
376475 1 3.48e+004 -7.71e+003 4.25e+004 -0.22 1.51e-004 1.51e-004 0.5216 0.12
380475 4000 3.64e+004 3.32e+004 3.14e+003 0.91 1.08e-008 4.34e-007 0.5217 0.12

Block: 100
396497 2 5.31e+004 -1.55e+004 6.85e+004 -0.29 3.83e-004 3.83e-004 0.5263 0.12

396499 2 3.50e+004 2.64e+004 8.61e+003 0.75 4.37e-006 4.37e-006 0.5263 0.12
396500 1 3.50e+004 -7.74e+003 4.27e+004 -0.22 1.52e-004 1.52e-004 0.5265 0.12
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400500 . 40C0 3.65e+004 3.34e+004 3.16e+003 0.91 1.12e-068 4.47e-007 0.5265 0.12

Block: 105
416522 2 5.33e+004 -1.55e+004 6.88e+004 -0.29 3.86e-004 3.86e-004 0.5312 0.12
416524 2 3.51e+004 2.65e+004 8.65e+003 0.75 4.51e-006 4.51e-006 0.5312 0.12
416525 - 13.51e+004 -7.76e+003 4.29e+004 -0.22 1.54e-004 1.54e-004 0.5314 0.12
420525 4000 3.67e+004 3.36e+004 3.17e+003 0.91 1.15e-008 4.61e-007 0.5314 0.12

Block: 110
436547 2 5.35e+004 -1.56e+004 6.91e+004 -0.29 3.89e-004 3.89e-004 0.5361 0.12
436549 2 3.53e+004 2.66e+004 8.69e+003 0.75 4.65e-006 4.65e-006 0.5361 0.12
436550 1 3.53e+004 -7.78e+003 4.31e+004 -0.22 1.55e-004 1.55e-004 0.5363 0.12
440550 4000 3.69e+004 3.37e+004 3.19e+003 0.91 1.19e-008 4.75e-007 0.5363 0.12

Block: 115
456572 2 5.38e+004 -1.56e+004 6.94e+004 -0.29 3.92e-004 3.92e-004 0.5411 0.13
456574 2 3.55e+004 2.68e+004 8.74e+003 0.75 4.79e-006 4.79e-006 0.5411 0.13
456575 1 3.55e+004 -7.80e+003 4.33e+004 -0.22 1.56e-004 1.56e-004 0.5413 0.13
460575 4000 3.71e+004 3.39e+004 3.20e+003 0.91 1.22e-008 4.89e-007 0.5413 0.13

Block: 120
476597 2 5.40e+004 -1.57e+004 6.97e+004 -0.29 3.96e-004 3.96e-004 0.5461 0.13
476599 2 3.57e+004 2.69e+004 8.78e+003 0.75 4.94e-006 4.94e-006 0.5461 0.13
476600 1 3.57e+004 -7.83e+003 4.35e+004 -0.22 1.58e-004 1.58e-004 0.5463 0.13
480600 4000 3.73e-+004 3.41e+004 3.22e+003 0.91 1.26e-008 5.04e-007 0.5463 0.13

Block: 125
496622 2 5.43e+004 -1.57e+004 7.00e+004 -0.29 3.99e-004 3.99e-004 0.5512 0.13

496624 2 3.59e+004 2.70e+004 8.83e+003 0.75 5.09e-006 5.09e-006 0.5512 0.13
496625 1 3.59e+004 -7.85e+003 4.37e+004 -0.22 1.59e-004 1.59e-004 0.5514 0.13
500625 4000 3.75e+004 3.42e+004 3.24e+003 0.91 1.30e-008 5.20e-007 0.5514 0.13

Block: 130
516647 2 5.45e+004 -1.57e+004 7.02e+004 -0.29 4.02e-004 4.02e-004 0.5563 0.13

516649 2 3.60e+004 2.72e+004 8.87e+003 0.75 5.24e-006 5.24e-006 0.5563 0.13
516650 1 3.60e+004 -7.87e+003 4.39e+004 -0.22 1.61e-004 1.61e-004 0.5565 0.13
520650 4000 3.77e+004 3.44e+004 3.25e+003 0.91 1.34e-008 5.35e-007 0.5565 0.13

Block: 135
536672 2 5.47e+004 -1.58e+004 7.05e+004 -0.29 4.05e-004 4.05e-004 0.5615 0.13
536674 2 3.62e+004 2.73e+004 8.91e+003 0.75 5.40e-006 5.40e-006 0.5615 0.13
536675 1 3.62e+004 -7.89e+003 4.41e+004 -0.22 1.62e-004 1.62e-004 0.5616 0.13
540675 4000 3.79e+004 3.46e+004 3.27e+003 0.91 1.38e-008 5.51e-007 0.5617 0.13

Block: 140
556697 2 5.49e+004 -1.58e+004 7.08e+004 -0.29 4.08e-004 4.08e-004 0.5667 0.13
556699 2 3.64e+004 2.74e+004 8.96e+003 0.75 5.56e-006 5.56e-006 0.5667 0.13
556700 1 3.64e+004 -7.91e+003 4.43e+004 -0.22 1.64e-004 1.64e-004 0.5669 0.13
560700 4000 3.80e+004 3.48e+004 3.28e+003 0.91 1.42e-008 5.68e-007 0.5669 0.13

Block: 145
576722 2 5.52e+004 -1.59e+004 7.10e+004 -0.29 4.11e-004 4.11e-004 0.5719 0.13
576724 2 3.66e+004 2.76e+004 9.00e+003 0.75 5.72e-006 5.72e-006 0.572 0.13
576725 1 3.66e+004 -7.93e+003 4.45e+004 -0.22 1.65e-004 1.65e-004 0.5721 0.13
580725 4000 3.82e+004 3.49e+004 3.30e+003 0.91 1.46e-008 5.85e-007 0.5722 0.13

Block: 150
596747 2 5.54e+004 -1.59e+004 7.13e+004 -0.29 4.14e-004 4.14e-004 0.5773 0.13

596749 2 3.68e+004 2.77e+004 9.05e+003 0.75 5.89e-006 5.89e-006 0.5773 0.13
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596750 - 1 3.68e+004 -7.95e+003 4.47e+004 -0.22 1.67e-004 1.67e-004 0.5774 0.13
600750 4000 3.84e+004 3.51e+004 3.32¢+003 0.91 1.51e-008 6.02e-007 0.5775 0.13

Block: 155
616772 2 5.56e+004 -1.59e+004 7.16e+004 -0.29 4.17e-004 4.17e-004 0.5826 0.14
616774 2 3.69e+004 2.79e+004 9.09e+003 0.75 6.07e-006 6.07e-006 0.5826 0.14
616775 1 3.69e+004 -7.97e+003 4.49e+004 -0.22 1.68e-004 1.68e-004 0.5828 0.14
620775 4000 3.86e+004 3.53e+004 3.33e+003 0.91 1.55e-008 6.20e-007 0.5828 0.14

Block: 160
636797 2 5.59e+004 -1.60e+004 7.19e+004 -0.29 4.20e-004 4.20e-004 0.588 0.14
636799 2 3.71e+004 2.80e+004 9.14e+003 0.75 6.26e-006 6.26e-006 0.588 0.14
636800 1 3.71e+004 -7.99e+003 4.51e+004 -0.22 1.70e-004 1.70e-004 0.5882 0.14
640800 4000 3.88e+004 3.55e+004 3.35e+003 0.91 1.60e-008 6.39e-007 0.5883 0.14

Block: 165
656822 2 5.61e+004 -1.60e+004 7.21e+004 -0.29 4.23e-004 4.23e-004 0.5935 0.14

656824 2 3.73e+004 2.81e+004 9.18e+003 0.75 6.45e-006 6.45e-006 0.5935 0.14
656825 1 3.73e+004 -8.01e+003 4.53e+004 -0.21 1.71e-004 1.71e-004 0.5937 0.14
660825 4000 3.90e+004 3.56e+004 3.37e+003 0.91 1.65e-008 6.59e-007 0.5937 0.14

Block: 170
676847 2 5.64e+004 -1.61e+004 7.24e+004 -0.29 4.27e-004 4.27e-004 0.599 0.14

676849 2 3.75e+004 2.83e+004 9.23e+003 0.75 6.64e-006 6.64e-006 0.599 0.14
676850 1 3.75e+004 -8.04e+003 4.55e+004 -0.21 1.73e-004 1.73e-004 0.5992 0.14
680850 4000 3.92e+004 3.58e+004 3.38e+003 0.91 1.70e-008 6.79e-007 0.5992 0.14

Block: 175
696872 2 5.66e+004 -1.61e+004 7.27e+004 -0.28 4.30e-004 4.30e-004 0.6045 0.14

696874 2 3.77e+004 2.84e+004 9.28e+003 0.75 6.85e-006 6.85e-006 0.6046 0.14
696875 1 3.77e+004 -8.06e+003 4.58e+004 -0.21 1.74e-004 1.74e-004 0.6047 0.14
700875 4000 3.94e+004 3.60e+004 3.40e+003 0.91 1.75e-008 7.00e-007 0.6048 0.14

Block: 180
716897 2 5.69e+004 -1.62e+004 7.30e+004 -0.28 4.33e-004 4.33e-004 0.6102 0.14
716899 2 3.79e+004 2.86e+004 9.33e+003 0.75 7.06e-006 7.06e-006 0.6102 0.14
716900 1 3.79e+004 -8.08e+003 4.60e+004 -0.21 1.76e-004 1.76e-004 0.6104 0.14
720900 4000 3.96e+004 3.62e+004 3.42e+003 0.91 1.80e-008 7.21e-007 0.6104 0.14

Block: 185
736922 2 5.71e+004 -1.62e+004 7.33e+004 -0.28 4.37e-004 4.37e-004 0.6158 0.14
736924 2 3.81e+004 2.87e+004 9.37e+003 0.75 7.28e-006 7.28e-006 0.6158 0.14
736925 1 3.81e+004 -8.10e+003 4.62e+004 -0.21 1.77e-004 1.77e-004 0.616 0.14
740925 4000 3.98e+004 3.64e+004 3.44e+003 0.91 1.86e-008 7.44e-007 0.6161 0.14

Block: 190
756947 2 5.74e+004 -1.62e+004 7.36e+004 -0.28 4.40e-004 4.40e-004 0.6216 0.14
756949 2 3.83e+004 2.89e+004 9.42e+003 0.75 7.50e-006 7.50e-006 0.6216 0.14
756950 1 3.83e+004 -8.12e+003 4.64e+004 -0.21 1.79e-004 1.79e-004 0.6218 0.14
760950 4000 4.00e+004 3.66e+004 3.45e+003 0.91 1.92e-008 7.67e-007 0.6218 0.14

Block: 195
776972 2 5.76e+004 -1.63e+004 7.39e+004 -0.28 4.43e-004 4.43e-004 0.6273 0.15

776974 2 3.85e+004 2.90e+004 9.47e+003 0.75 7.73e-006 7.73e-006 0.6274 0.15
776975 1 3.85e+004 -8.14e+003 4.66e+004 -0.21 1.81e-004 1.81e-004 0.6275 0.15
780975 4000 4.02e+004 3.67e+004 3.47e+003 0.91 1.97e-008 7.90e-007 0.6276 0.15

Block: 200
796997 2 5.78e+004 -1.63e+004 7.41e+004 -0.28 4.47e-004 4.47e-004 0.6332 0.15
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796999 2 3.87e+004 2.92e+004 9.52e+003 0.75 7.96e-006 7.96e-006 0.6332 0.15
797000 1 3.87e+004 -8.16e+003 4.68e+004 -0.21 1.82e-004 1.82e-004 0.6334 0.15
801000 4000 4.04e+004 3.69e+004 3.49¢+003 0.91 2.03e-008 8.13e-007 0.6335 0.15

Block: 205
817022 - 25.81e+004 -1.64e+004 7.44e+004 -0.28 4.50e-004 4.50e-004 0.6391 0.15
817024 2 3.89e+004 2.93e+004 9.56e+003 0.75 8.20e-006 8.20e-006 0.6391 0.15
817025 1 3.89e-+004 -8.18e+003 4.70e+004 -0.21 1.84e-004 1.84e-004 0.6393 0.15
821025 4000 4.06e+004 3.71e+004 3.51e+003 0.91 2.09e-008 8.38e-007 0.6394 0.15

Block: 210
837047 2 5.83e+004 -1.64e+004 7.47e+004 -0.28 4.53e-004 4.53e-004 0.645 0.15
837049 2 3.91e+004 2.94e+004 9.61e+003 0.75 8.44e-006 8.44¢-006 0.645 0.15
837050 1 3.91e+004 -8.20e+003 4.73e+004 -0.21 1.86e-004 1.86e-004 0.6452 0.15
841050 4000 4.08e+004 3.73e+004 3.52e+003 0.91 2.16e-008 8.63e-007 0.6453 0.15

Block: 215
857072 2 5.86e+004 -1.64e+004 7.50e+004 -0.28 4.57e-004 4.57e-004 0.651 0.15
857074 2 3.93e+004 2.96e+004 9.66e+003 0.75 8.70e-006 8.70e-006 0.651 0.15
857075 1 3.93e+004 -8.22e+003 4.75e+004 -0.21 1.87e-004 1.87e-004 0.6512 0.15
861075 4000 4.10e+004 3.75e+004 3.54e+003 0.91 2.22e-008 8.89e-007 0.6513 0.15

Block: 220
877097 2 5.88e+004 -1.65e+004 7.53e+004 -0.28 4.60e-004 4.60e-004 0.6571 0.15
877099 2 3.95e+004 2.97e+004 9.71e+003 0.75 8.97e-006 8.97e-006 0.6571 0.15
877100 1 3.95e+004 -8.24e+003 4.77e+004 -0.21 1.89e-004 1.89e-004 0.6573 0.15
881100 4000 4.12e+004 3.77e+004 3.56e+003 0.91 2.29e-008 9.16e-007 0.6574 0.15

Block: 225
897122 2 5.91e+004 -1.65e+004 7.56e+004 -0.28 4.63e-004 4.63e-004 0.6632 0.15

897124 2 3.97e+004 2.99e+004 9.76e+003 0.75 9.24e-006 9.24e-006 0.6632 0.15
897125 1 3.97e+004 -8.26e+003 4.79e+004 -0.21 1.91e-004 1.91e-004 0.6634 0.15
901125 4000 4.14e+004 3.79e+004 3.58e+003 0.91 2.36e-008 9.45e-007 0.6635 0.15

Block: 230
917147 2 5.93e+004 -1.65e+004 7.59e+004 -0.28 4.67e-004 4.67e-004 0.6694 0.16
917149 2 3.99e+004 3.00e+004 9.81e+003 0.75 9.53e-006 9.53e-006 0.6694 0.16
917150 1 3.99e+004 -8.28e+003 4.81e+004 -0.21 1.92e-004 1.92e-004 0.6696 0.16
921150 4000 4.16e+004 3.81e+004 3.60e+003 0.91 2.43e-008 9.74e-007 0.6697 0.16

Block: 235
937172 2 5.96e+004 -1.66e+004 7.62e+004 -0.28 4.71e-004 4.71e-004 0.6756 0.16
937174 2 4.01e+004 3.02e+004 9.86e+003 0.75 9.82e-006 9.82e-006 0.6756 0.16
837175 1 4.01e+004 -8.30e+003 4.84e+004 -0.21 1.94e-004 1.94e-004 0.6758 0.16
941175 4000 4.19e+004 3.82e+004 3.61e+003 0.91 2.51e-008 1.00e-006 0.6759 0.16

Block: 240
957197 2 5.98e+004 -1.66e+004 7.65e+004 -0.28 4.74e-004 4.74e-004 0.6819 0.16

957199 2 4.03e+004 3.04e+004 9.91e+003 0.75 1.01e-005 1.01e-005 0.682 0.16
957200 1 4.03e+004 -8.32e+003 4.86e+004 -0.21 1.96e-004 1.96e-004 0.6822 0.16
961200 4000 4.21e+004 3.84e+004 3.63e+003 0.91 2.59e-008 1.04e-006 0.6823 0.16

Block: 245
977222 2 6.01e+004 -1.67e+004 7.68e+004 -0.28 4.78e-004 4.78e-004 0.6883 0.16
977224 2 4.05e+004 3.05e+004 9.96e+003 0.75 1.04e-005 1.04e-005 0.6883 0.16
977225 1 4.05e+004 -8.34e+003 4.88e+004 -0.21 1.98e-004 1.98e-004 0.6885 0.16
981225 4000 4.23e+004 3.86e+004 3.65e+003 0.91 2.67e-008 1.07e-006 0.6886 0.16

Block: 250
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997247 2 6.03e+004 -1.67e+004 7.70e+004 -0.28 4.81e-004 4.81e-004 0.6947 0.16
997249 2 4.07e+004 3.07e+004 1.00e+004 0.75 1.08e-005 1.08e-005 0.6948 0.16
997250 1 4.07e+004 -8.35e+003 4.90e+004 -0.21 1.99e-004 1.99e-004 0.695 0.16
1001250 4000 4.25e+004 3.88e+004 3.67e+003 0.91 2.75e-008 1.10e-006 0.6951 0.16

End of pc-CRACK Qutput
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1.0 INTRODUCTION

Stress unalyses have been performed on the Pressurizer Heater Penetration using the ANSY'S finite
! element analyvsis package. The stresses determined are those due to internal pressure, heat-up transient,
cool-down transient. reactor trip transient, and loss of secondary pressure transient. Hoop stress
distnbutions through the vessel wall from the heater sleeve-to-shell weld have been determined for use
in crack growth analvses.

2.0 TECHNICAL APPROACH OR METHODOLOGY

ANSY'S 5.5 [1] was used to perform the stress analyses. 2-D Thermal Solid elements (PLANESS)
were used to model the pressurizer heater penetration in the thermal transient analyses; 2-D Structural
Solid elements (PLANE42) were used in the stress analyses.

A 15 sphencal section model representing the pressurizer lower head region with a single heater
penetration is developed. The geometry of the pressurizer heater penetration is treated as an
axisymmetric model. with symmetry boundary conditions applied to the end of the pressurizer shell,
and plane strain constraints applied to the end of the repair sleeve.

The stress analysis is to be conservative for any of the pressurizer heater penetrations on the
pressurizer bottom head. Therefore, a heater penetration location farthest from the pressurizer

centerline is modeled.

3.0 DESIGN INPUTS / ASSUMPTIONS
Design inputs are given in References 2 and 3.

There are five types of loadings in total (the temperature loading histories for these runs are shown in
Figures 1 to 4):

Internal pressure at 2235 psig

Thermal heat-up transient from 70 °F to 653 °F at 200 °F/hr

Thermal cool-down transient from 653 °F to 70 °F at 200 °F/hr

Reactor trip thermal transient

Loss of secondary pressure transient

'L/I:hb)l\)‘—'

The ANSYS input files for the thermal, if applicable, and the stress runs for the above loading cases
are as follows (these input files are on the project CD-ROM):

1. Internal pressure: N/A Pressure.inp
2. Heat-up transient: ThermHU.inp StressHU.inp
Revision 0
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3. Cool-down transient: ThermCD.inp StressCD.inp
4. Reacior trip wransient: ThermCyv.inp StressCy.inp
5. Lossin secondary pressure: ThermUlinp StressUl.inp

The developed finite element model is shown in Figure 5. Assumptions are made for the purpose of
modeling simplicity and reducing analysis time. They are:

e The model 1s axisymmetric

* The penetration is radial to the pressurizer center

* The repair weld is of triangular geometry
» The outer surface of the pressurizer and the inner wall surfaces of the sleeves are insulated

The applied boundary conditions and loads to the model are shown in Figures 6 to 8.

The actual modeled heater penetration is vertical, entering the bottom head 38" from the centerline. It
1s assumed that the stresses around this location can be bounded by using an axisymmetric model that
has an equivalent diameter bore equal to the maximum side-hill dimension of the intersection of the

bottom head and the heater penetration.

4.0 ANALYSIS OR CALCULATIONS

According to the design inputs, the outermost heater penetration is located 38” from the centerline of
the pressurizer, while the modeled penetration is radial to the pressurizer center, so it is necessary to
calculate the projected bore diameter of the penetration hole. The pressurizer has an internal radius
(IR) of 48.4375” and a maximum bore diameter (BD) of 1.666. Therefore, the projected bore

diameter of the penetration (W) is:

BD 1.666
= (D

W = = = 2.6866".
. -,(38 . -1( 38 )
COS| Sin -_— COSj sIn
IR 48.4375

The J-weld fillet radius (JwR) used in the model is taken as the average of the uphill and downhill
fillet weld leg dimensions provided in the design input:

JwR='1875+'1563=.1719". @)
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!

The necessury length of the repair sleeve (L) in order to minimize the end effects on the model is [4]:

3

—_ - OD ~ - A
Y :3/! 0, [DJ ODﬁ IDI=

Vo4 2

where R, 1s the mean radius. 7 is the thickness. OD the outside diameter. and ID is the inside diameter
of the repair sleeve. This is the minimum length such that the effects at the model end due to
displacement, bending, and moment all go to zero [4]. A convenient value of . = 2" is used in the

finite element model.

1. 314Y1.660-1.314
\/( 660:131 I 66 q1 14;:1.076... 3

-~ /

A conservative value for the convection heat transfer coefficient. 4 = 25000 BTU/ftz—hr-°F, 1s used.

5.0 RESULTS OF ANALYSIS
The internal pressure run shows that the hoop stress peaks at the inside of the J-weld (see Figure 9).

The hoop stress histories at a point in the middle of the J-weld and at a point on the inner vessel
surface away from the J-weld for the thermal transient runs are plotted in Figures 10 tol3. The
numerical values of these hoop stresses are listed in Appendix A. The hoop stress distributions at peak
stress time steps for the thermal transient runs are shown in Figures 14 to 17.

Four paths across the body of the J-weld to the outer vessel surface (Figure 18) and two paths across
the vessel thickness adjacent to the J-weld (r = 48”) have been defined to evaluate the hoop stress
distributions across the vessel wall from the region of the heater-to-shell weld (paths are defined from
the inside of the pressurizer to the outside). These paths were chosen in order to be able to select a
conservative stress distribution for the crack growth analysis. Paths with a more vertical orientation
were not chosen, as stresses would be representative of only a small part of a growing corner crack.
The hoop stress distributions for the runs are plotted in Figures 19-23: the numerical results are listed

in Appendix B.

One design input drawing [5] shows that there is a 1.688” diameter counter bore at the repair sleeve
penetration. However, the main interest is the stress distributions on the existing J-weld. Therefore,
this change in design is not significant and hence ignored in the finite element analyses.
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Figure 1: Temperature History for Heat-Up Transient.
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Figure 2: Temperature History for Cool-Down Transient.
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Figure 3: Temperature History for Reactor Trip Transient.
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Figure 4: Temperature History for Loss of Secondary Pressure Transient.
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| WSES-05Q: FINITE ELEMENT MCDEL

2

Figure S: ANSYS Finite Element Model of the Pressurizer Heater Penetration.
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! Apply end-cap pressure to
m,_--—-- "7 repair sieeve end
B

Plane strain constraint
at repair sleeve end

Symmetry boundary
condition “

"~ Apply internal pressure to all inner _.~"
surfaces of pressurizer and sleeve

WSES-05Q: BOUNDARY CONDITIONS AND LOADS FOR INTERNAL PRESSURE RUN

Figure 6: Applied Boundary Conditions and Loads for Internal Pressure Run.
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Thermally couple nodes between
pressurizer hore and sleeve outer
surfaces
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pressurizer and outer surface of existing sleeve !

WSES-05Q: BOUNDARY CONDITIONS FOR THERMAL TRANSIENTS

Figure 7: Applied Boundary Conditions for Thermal Transient Runs.
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WSES-05Q: BOUNDARY CONDITIONS FOR THERMAL STRESS ANALYSES

Figure 8: Applied Boundary Conditions and Loads for Thermal Stress Analyses.
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WSES-05Q: PRESSURE RUN AT 70 °F

Figure 9: Hoop Stress Distribution for Internal Pressure Run.
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Figure 10: Hoop Stress History for Heat-Up Transient.
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Figure 11: Hoop Stress History for Cool-Down Transient.
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Figure 12: Hoop Stress History for Reactor Trip Transient.
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Figure 13: Hoop Stress History for Loss of Secondary Pressure Transient.
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Figure 14: Hoop Stress Distribution for Heat-Up Transient.
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Figure 15: Hoop Stress Distribution for Cool-Down Transient.
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Figure 16: Hoop Stress Distribution for Reactor Trip Transient.
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Figure 17: Hoop Stress Distribution for Loss of Secondary Pressure Transient.
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Figure 18: Path Definitions for Determining Hoop Stress.
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Figure 19: Hoop Stresses Along Given Paths for Internal Pressure Run.
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Figure 20: Hoop Stresses Along Given Paths for Heat-Up Transient.
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Hoop Stress Distributions for Cool-Down Transient
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Figure 21: Hoop Stresses Along Given Paths for Cool-Down Transient.
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Figure 22: Hoop Stresses Along Given Paths for Reactor Trip.
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Hoop Stress Distributions for Loss in Secondary Pressure Transient
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Figure 23: Hoop Stresses Along Given Paths for Loss of Secondary Pressure Transient.
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APPENDIX A

HOOP STRESS HISTORIES FOR THERMAL TRANSIENT RUNS
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Szcy..1s

Trrrr ENSYS POSTZE VARIABLE LISTING ***xx

TIME 43 S Z 867 S Z
SzN1 SzNS23
L.66€7 8C7.552 821.876
10.587 2707.15 2972.12
0,887 5158.91 5298.656
25.667 77200.47 7569.74
40,587 10274.2 9792.24
52.%¢C2C 12684.8 11826.8
5L 3232 2344z .2 11607.2
7S .323 13646.8 11488.7
80,332 13758.2 11384.¢6
101.32 13821.4 11291 .4
112.33 13854.8 11206.6
123.33 13868.4 11128.8
134.33 13867.7 11056.6
145.33 13856.5 10989.3
167.33 13812.5 10866.6
277.33 13429.8 10397.1
387.33 13021.7 10051.3
497.33 12691.9 9806.56
600.00 12500.4 9679.99
607.50 12326.8 9479.81
*xx** ANSYS POST26 VARIABLE LISTING ****x*
TIME 43 S Z 867 S z
SzN1 SzN923
648.00 11163.4 8438.30
693.00 9848.36 7364.71
738.00 8585.40 6362.58
783.00 7431.20 5468.90
825.00 6409.97 4685.09
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40070
R
5o zng
303033
32985
35923
38841
498.00
40800
490.78
583.12
640.00
650.67

~J
[
(0%)
~3
[0)Y

783.
853.
923.
960.
574.
1053.
1141.
1229.
1317.
1400.
1420.
1528.
164s8.
1768.
1888.
2000.
2215,
3376,
4666 .
5956.

O O
DO

o O
~J o

TIME

7246.0
8450.0

OO OOOOOOOWWIW!W

*r 7+ ENSYS POSTZ6

43 S
SzN1
2738.
18808
32533
50018
80541

29171
g9171

10014

92179.
78536.
78000.
73531.
68598.
63742.
6190C9.
60892.
51783.
42917.
37989.
37168.
32625.

[d

€

‘O 00O Wn

[SOIEN Iy S

9

PUPRPODIG®OWULWOOIND

VARIABLE LISTING **»~=x

867 S
SzN92
3405.

19182.
37199.
54187.
70760.
85652.
84577.
722789.
60117.
59634.
55874.
51894.
48073.
46642.
45951.
39203.
32472.
28713.
28109.
24687.

**x*x ANSYS POST26 VARIABLE

43 S
SzN1

28046.
23883.
20088.
18249.
17611.
14456.
11362.

8630.
6215.
4204
3825.
2012.
310.1
-1127.
-2344
-3311
-4308.
-6825
-7362.
-7548S.

*rr** ANSYS POST26 VARIABLE LISTING ****x

43 S

SzN1
-7015.
-68585.

BN OYW 0oy

05
50

.90

87
03
37
85

.42
.12

32

.81

62
00

Z

59
45

867 S
SzNS2
21205
18029
15135
13731
13266
10892
8533
6444 .
4597
3056.
2784.
1419.
117.8

-985.3
-1819.
-2661
-3409
-5325
-5728.
-5858.

867 S
SzNS2
-5459.
~5430.
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LISTING ***xx*

z
3

.
.

[ =G, IS, W Ve Iy =

.92

92

.44

64
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APPENDIX B

HOOP STRESS RESULTS ALONG PREDEFINED PATHS

Revision

0

Preparer/Date | FHK 10/31/00

Checker/Date GAM 10/31/00

File No.

WSES-05Q-301

Page BO of B38




Pressure.res

Frwx* pOST1 CZLCULATION MODULE STATUS ***~*x
WoGe Lory moment summazion D
Momernt summation location ¢.00000 0.00000 0.00000
tbs wval key for operation 0
Safety Zactor type 0
Temps cf allowed stresses G.0000 0.0000 0.0000
0.0000 0.0000 0.0000
L__owakle stresses 0.0000 0.0000 0.0000
C.CC0CO0 0.0002 0.0000
Current load case 0
Load set 1
Substep 1
ol Path PATH6
Header= 2 30 20 21 16 0 30 31
Header= 0 0 0 0 0 0
1
2
3
4
5
6
7
8
9
10
11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
Point Node X Y Z CS
1 459 1.71336 47.99888 0.00000 0
2 594 3.68288 52.27952 0.00000 0
NO ELEMENT TABLE ITEMS DEFINED
CURRENT PATH SET TO PATHI1
*rkxx PATH DATA STATUS ***x»*
CURRENT PATH NAME= PATH1
WSES-050-301 page B of B3Y



Pressure.res

Zcinz Noze > Y z CsS
z - Z.24350C0 48.00002 L0200 ¢C C
z 594 3.68287¢% 52.27952 2.000000 0
USE CGLOBLL COQRDINATES FOR SQLUTION RECUITC

CARLCTULATE NCDRL FRINCIPAL VALUES FROM ELEMENT COMPONENT

VRLTEZS AVERZGEDT AT EACH NODE
USE 1.0070°2 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CLRLCTLATIONS

i IN PATH COORDINATE SYSTEM 0

= MR MIN

3 3.6829 1.3435

Y 52.280 48.000

Z ©.0000 0.0000
TOTAL PATE LENGTH = 4.8772

DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z
ROTATED INTO COORDINATE SYSTEM (O AND MOVED TO THE PATH

NUMBER OF PATH VARIABLES DEFINED IS 5

*** WARNING *** CP= 1.883 TIME= 12:09:04
The selected element set contains mixed materials.

This could invalidate error estimation.

SUMMARY OF VARIABLE SZ MAX = 26389. MIN = 15256.
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0
***** DPATH VARIABLE SUMMARY *****
S Sz

0.0000 26389.

0.24386 24638.

0.48772 22794.

0.73158 21200.

0.97544 20342.

1.2193 19610.

1.4632 18977.

1.7070 18408.

1.9509 17886.

2.1547 17458.

2.4386 17059.

2.6825 16725.

2.9263 16420.

3.1702 16215.

3.4140 15985.

3.6579 15800.

3.9017 15658.

4.1456 15552,

4.3895 15450.

4.6333 15479.

4.8772 15256.
CURRENT PATH SET TO PATH2

WSES-05Q-301 page Bl of B3f
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Pressure.res

LA B 2 4 x W W K W

PATE DATA STATUS

CURRENT PATH NAME= PATHZ

Point Node - X Y 2 Cs
. - 2.343500 48.00000 0.000000 0
z S ©.240768 52.18388 C.000000 C

FOR SOLUTION RESULTS

AL VALUES FROM ELEMENT COMPONENT
NODE

USE 0.C0006 AS THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN

CRLCTCLATIONS

DEFINE PRTH IN PATH COORDINATE SYSTEM 0

DIRECTION MAX MIN
X 5.2408 1.3435
v 52.184 48.000
z 0.0000 0.0000

TOTAL PATH LENGTH = 5.7178

DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM (0 AND MOVED TC THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*** WARNING *** Cp= 2.754 TIME= 12:09:05

The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE SZ

MAX = 26389.

PATH BOUNDARY CONDITION DISPLAY KEY = O

PRINT ALONG PATH DEFINED BY LPATH COMMAND.

* Kk Kk Kk Kk

S
0.0000
0.28588
0.57178
0.85767
.1436
.4285
. 7153
.0012
.2871
.5730
.8589
.1448
.4307
.7166
.0025
.2884
.5743
.8602

A D W W W N N R R R s

Sz

26389.
24056.
21729.
19503.
18420.
17631.
16995.
16482.
16088.
15707.
15454.
15206.
15011.
14852.
14690.
14584.
14488.
14404.

PATH VARIABLE SUMMARY *****
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Pressure.res

& 1460 14331,
5.4212 14267,
5.717¢ 14194,

CURRENT P2TH SET TO PATH3
***x> PATH DATA STATUS *****

CURRENT PATH NAME= PATH3

Point Node X Y Z CS
- 1 1.343500 48.00000 0.000000 0
2 500 7.176364 51.99980 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 7.1764 1.3435
Y 52.000 48.000
Z 0.0000 0.0000
TOTAL PATH LENGTH = 7.0725
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM (0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*** WARNING *** CPp= 3.625 TIME= 12:09:06

The selected element set contains mixed materials.
This could invalidate error estimation.
SUMMARY OF VARIABLE S2 MAX = 26389. MIN

13540.

PATH BOUNDARY CONDITION DISPLAY KEY = 0

PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

**x*x PATH VARIABLE SUMMARY ****x

S Sy
0.0000 26389.
0.35363 23158.
0.70725 20650.
1.0609 18073.
1.4145 16914.
1.7681 16211.
2.1218 15646.
2.4754 15259.
2.8290 14954.
3.1826 14693.
3.5363 14511.
3.8899 14339.
4.2435 14213.
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Press.re.res

L. feTr ARV
=244 25z
§.°127 S37EC
JUREEDNT iTH SET TG PRATHL
*r*x> DITH DATA STATUS ****+
CUPRENT PATH NAME= PATH4
oz Noce X Y Z CSs
" 1 1.3243500 48.00000 0.000000 0
= el 3 8.573852 51.67010 0.000000 0]

TES FOR SOLUTION RESULTS

:p

USE GLCBRL COORDIN

CRLCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 9.5759 1.3435
Y 51.670 48.000
Z 0.0000 0.0000
TOTAL PATH LENGTH = 5.0134
DEFINE PATH VARIABLE S2Z AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

**F* WARNING *** CP= 4.486 TIME= 12:09:08
The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE SZ MAX = 26389. MIN 13052.

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*rr** PATH VARIABLE SUMMARY ****xx

S Sy
0.0000 26389.
0.45067 22115.
0.90134 19367.
1.3520 16964.
1.8027 15759.
2.2533 15173.
2.7040 14773.
3.1547 14484.
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Pressure.rec

I e e -
R A _LlZe.
PR oL Tz
3. .00 _-.-..:"4.
PR .
L, 0% Tz
L GE"™ -2gcz
£.9574 _3E=E.
= ~rer ~m=oa
£.40EC BRCAERCIC
O ST
.z ~>TCC
Z.:l54 IR
C It PR
-T2l _z4%g.
~ oIz P
..... RG-S I
-~ ZZ0, .
R S _3325%.
o2 B
- e _— e 2 .
S

—_—— - - .

VOY ) oy

(8]
(@]
tn
by

@)
'y

LA A b O 4

. STATUS

CURRENT PATH NAME= PATHS

Point Node X Y Z Cs
1 ¢17 3.386236 47.95678 0.000000 0
2 598 5.840043 52.13464 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON'S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 5.8400 3.3862
Y 52.135 47.957
Z 0.0000 0.0000

TOTAL PATH LENGTH = 4.8452

DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM O AND MOVED TO THE PATH

NUMBER OF PATH VARIABLES DEFINED IS 5
5.348

*** WARNING *** CP= TIME= 12:09:09
The selected element set contains mixed materials.

This could invalidate error estimation.

SUMMARY OF VARIABLE S7 MAX = 16064. MIN = 13944.
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

¥*xxx PATH VARIABLE SUMMARY *****

S SZ
0.0000 16064.
0.24226 15946.
0.48452 15395,
WSES-050-301 Page 36 of B3S
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ECRAE N 24Cc 3,

s - s
L..2¢54 14034,
foT AN “ 200
G ,I200 ~24007.
PR v~
S G -3}"8\.’.
. L s b¥e d
4 .84z 13544 .

CURRENT PRTH SET 70O PRATHES
*rx** DATH DATA STATUS *x*x**x

CURRENT PATH NAME= PATHS6

Point Node X Y z CSs
1 459 1.713356 47.99888 0.000000 0
2 594 3.682875 52.27952 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 3.6829 1.7134
Y 52.280 47.999
Z 0.0000 0.0000
TOTAL PATH LENGTH = 4.7120
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*** WARNING **~ Cph= 6.2009 TIME= 12:09:10

The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE S7 MAX = 22872. MIN

15256.

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

****x PATH VARIABLE SUMMARY ***=*=*
WSES-05Q-301 Page B of B2g
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#> L0 W o d 0D OO
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[N IR e SN

SZ

22872.
21611.
20249.
15006.
28501.
18102.
17736.
17397
17086.
16811.
1€=28.
16335.
16137.
15978.
15782.
15656.
15562.
15478.
15398.
15464.
15256.
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LA O DOSH‘"

Node £for moment summation
Moment summation location
Abs val ke, fcor operation

Safery factor zype
Temps ¢I a._owed stresses

Z__owable stresses

Clurrent load case
Load se:
Substep

x W T w :_3 P
Header= 2 30
Header= 2 0

\O 00 ~) Oy U s W b -

Point Node X
1 459 1.71336
2 594 3.68288

CURRENT PATH SET TO PATHI

* K K K K

CRLCULATION MODULE STATUS

Y
47.9

StressCl.xres

0
0.00000

0

0
0.0000
0.0000
C¢.0000
0.0000

o

9888

52.27952
NO ELEMENT TABLE ITEMS DEFINED

PATH DATA STATUS

0.00000

0.0000
0.0000
0.0000
0.0000

O

30

Cs

0.00000 0
0.00000 0

* % %k Kk K

CURRENT PATH NAME= PATH1

WSES-05Q-301
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COMP=2Z

DO W

Zcint oze ) Y 2
- " 1.Z432500 £4€.0000¢C <.C0C0C0C2
Z 554 JLEELETE T2.Z279EC T.000007
CUSE GLOBLL COQORZINATES FOR SOLUTION RESJLTS
CARLCTLATE NODAL PRINCIPAL VALUES FROM ELEMENT COMDPONENT
fLLUUES RVERAGED LT ZACH NODE
rse 1.2C0C0C S THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT
CLLCULATIONES
DEFINE FRTHE OIN PATE TOCPDIKATE SVSTEM d
DIRECTION MILX MIN
ok 2.068Z8 2.3435
by 52.Z280 48.000
z 0.00C0 C.0000
TCTRL 2x7H LENGTH = 4.8772
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S

ROTATED INTO

COORDINATE SYSTEM

NUMBER OF PATH VARIABLES DEFINED IS 5

SUMMARY OF

PATH BOUNDARY

VARIABLE SZ

MAX = 15491.

CONDITION DISPLAY XKEY = O

0 AND MOVED TO THE PATH

MIN

PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS=
*xxx* PATH VARIABLE SUMMARY *****
S Sz

0.0000 15491.

0.24386 11929.

0.48772 8526.0

0.73158 6451.1

0.97544 4951 .4

1.2183 3596.0

1.4632 2387.0

1.7070 1304.8

1.9509 337.64

2.1947 -522.62

2.4386 -1286.5

2.6825 -1961.9

2.9263 -2548.9

3.1702 -3076.8

3.41490 -3498.0

3.6579 -3850.9

3.9017 -4132.9

4.1456 -4342.7

4.38895 -4473.0C

4.6333 -4569.8

4.8772 -4495.2
CURRENT PATH SET TO PATH2

* K ok Kk Kk

***xx* DATH DATA STATUS

CURRENT PATH NAME= PATH2
WSES-050-301 Page
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- N a T e L el

Scins Joce 2 by Z CS
Z Z AN 45.02000C 3.00000C O
Z S . l4l7¢ek £2.18388 0.000000 e
EZ ZLOBAL CZOCRDINATZIS FCR SCLUTION RESULTS
CRLCULATE NODEL PRINCIPZL VALUES FROM ELEMENT COMPONENT
VALUES RVEPARGED AT EACE NODE

oSE SLolll A£S THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
CALCULLTICNRE
DEFINE PRT7E IN PETE COOPDINATE SYSTEM 0
_I1mEZTION M2 X MIN
> 5.2470 2.3435
v 52.184 48.000
z 0.0000 0.0000
TOTLL BPLTE LENGTH = 5.7178
DZFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG
FOTATED INTO COORDINATE SYSTEM (O AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
SUMMARY OF VARIARLE S7Z MAX = 15481. MIN = -4169.7
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0
**xx* PATH VARIABLE SUMMARY ****x
S Sz
0.0000 15491.
0.28589 12093.
0.57178 8353.8
0.85767 6119.8
1.1436 4626.2
1.429%5 3359.7
1.7153 2239.5
2.0012 1241.1
2.2871 349 .11
2.5730 -448.05
2.858¢ -1157.7
3.1448 -1783.0
3.4307 -2330.1
3.7166 -2809.2
4.0025 -3202.7
4.2884 -3531.4
4.5743 -37590.0
4.8602 -3980.8
5.1460 -4107.5
5.4319 -4169.7
5.7178 -4162 .6
CURRENT PATH SET TO PATH3
*xx*xx PDATH DATA STATUS ****x
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CURFENT PLTHE NAME= PRTEH:

Pcinc Noce oA Y z Cs
- z L2 U342500 48.00000 ¢.C000CC c
z 5270 T.1763584 £1.99980 £.00000¢C G
USE GL03xL COJRIINATES FOR SOLUTION RESULT
CRLTULETE NODEL PRINCIPAL VALUES FRCM ELEMENT COMPONENT
TALUES LUERAZED AT EACH NODE
USE L0000l 25 TEE EFFECTIVE POISSON'S RATIO FOR EQUIVALENT STRAIN
CZLCULATIONS
DEFINEZ PATE IN PATE COORDINATE SYSTEM 0
DIRECTION MAX MIN
x 7.1764 1.3435
v 52.00C 48.000
z £.0000 0.0000
TOTAL PATH LENGTH = 7.0725
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=Z AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
SUMMARY OF VARIABLE SZ MAX = 15491. MIN = -4068.1

PATE BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

¥**** PATH VARIABLE SUMMARY ****x*

S Sz
0.0000 15491.
0.35363 12028.
0.70725 8278.3
1.0609 5893.6
1.4145 4472.2
1.7681 3302.0
2.1218 2254.8
2.4754 1322.2
2.8290 478.28
3.1826 -282.15
3.5363 -970.18
3.8899 -1582.5
4.2435 -2129.8
4.53971 -2598.3
4.9508 -3013.8
5.3044 -3355.6
5.6580 -3631.5
6.0117 -3837.8
6.3653 -3980.8
6.7189 -4059.2
7.0725 -4068.1

CURRENT PATH SET TO PATH4

*x*x* PATH DATA STATUS **x*x
WSES-050Q0-301 Page B I%+ of B 3§



CURRENT EATH NAME= PLTHS
Poirnz  Noce bl Y Z CS
z - 2.353435C¢0 .00000C ¢.00000C0 c
z €Lz $.872852 52.670190 0.000G0C 0
CSE 5LOB:L COORIINATES FOR SOLUTION RESULT
CALTULATE NODARL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VELUIS RVEFAGED AT EACH NODE
CSE .00 2C A8 THE EFFECTIVE POISSON'S RATIO FOR EQUIVALENT STRAIN
CRLCULETIONS
DEFINE PATHE IN PATH COORDINATE SYSTEM 0
SIrECTION MAX MIN
X 9.5759 1.3435
Y 51.5870 48.000
i 0.00C0 0.0000
TOTAL PATH LENGTH = 9.0134

EFINE PATE VARIABLE SZ AS
ROTATED INTO COORDINATE SYSTEM

THE NODAL DATA ITEM=S
0 AND MOVED TO THE PATH

NUMBER OF PATH VARIABLES DEFINED IS 5

SUMMARY OF VARIABLE SZ MAX = 15491. MIN =
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0
***x*x DATH VARIABLE SUMMARY ****x
S SZ

0.0000 15491.

0.45067 11881.

0.90134 8265.6

1.3520 5894.4

1.8027 4516.6

2.2533 3441.2

2.7040 2468.1

3.1547 1574.1

3.6054 754.93

4.0560 3.1133

4.5067 -690.81

4.957¢ -1323.8

5.4080 -1891.4

5.8587 -2397.9

6.3094 -2849.1

6.7600 -3224.5

7.2107 -3535.7

7.6614 -3774.0

8.1121 -3938.0

8.5627 -4033.6

9.0134 -4053.9
CURRENT PATH SET TO PATHS
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StressCl.res
'''' PLTE DATL STRTUS 777+~
CURFRENT BEATH NAME= PLTHES
Point  Nogde by Y z Cs
- .7 228236 £7.95678 $.00000C 0
z =53 5.240043 52.13464 0.000000 C
°SzZ GLOEBRL COCRDINATES FOR SOLUTION RESULTS
CrLTTULRTE NCIAL PRINCIPLL VALUES FROM ELEMENT COMPONENT
LLUZS AVERAGED AT ELCE NCDE
JsE CL2000C S THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
CALCULRTIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIFECTION MZ3L MIN
> 5.8400 3.3862
Y 52.1235 47,957
z 0.0000 0.0000
TOTAL PATH LENGTHE = 4.8452
DEFINE PATH VARIABLE S2Z AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM (0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
SUMMARY OF VARIABLE SZ MAX = 12354, MIN = -4114.1

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*¥x** PATH VARIABLE SUMMARY *****

S S2Z
0.00C0 ° 12354.
0.2422¢6 9441.3
0.48452 6434.0
0.72678 4682.9
0.96504 3871.7
1.2113 2858.3
1.453% 1815.6
1.6958 1043.8
1.9381 243.03
2.1803 -487 .41
2.4226 -1151.¢6
2.6648 -1746.6
2.9071 -2271.7
3.1494 -2742.5
3.3916 -3127.2
3.6339 -3452 .4
3.87¢61 -3712.9
4.1184 -3908.6
4.3607 ~-4041.1
4.6029 -4110.5
4.8452 -4114.1

CURRENT PATH SET TO PATH6
WSES-050-301 rage B/ of B3%



S5IYessu .o . les
*77vr PATE DATA STATUS ~****

CURRENT PRTH NAME= PATHE

Pont Noce Y Y z o
Z {2 ~.T.335¢ 47.99888 0.0000300 C
Z T4 S .5BI875 52.27952 0.000600 a
CEE GLIERL COCZRDINATES FOR SOLUTION RESULTS
CLLCUZATE NCTDAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
~_TZS AVEFAGEDZ AT EACH NODE
oSz L2l £S THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
CRLCULRETIONS

DEFINE PATH IN PRTH COORDINATE SYSTEM 0
DIRECTION MAX MIN
x 3.6829 1.7134
Y 52.280 47.999
y4 0.0000 0.0000
TCTAL PATE LENGTH = 4.7120
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH

NUMBER OF PATH VARIABLES DEFINED IS 5

SUMMARY OF VARIABLE SZ MAX = 15020. MIN = -4563.6
PATH BOUNDARY CONDITION DISPLAY KEY = 0

PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*rxx* PATH VARIABLE SUMMARY *****

S Sz
0.0000 1502¢C.
0.235690 11245.
0.47120 7718.0
0.70680 5895.1
0.94240 4543.3
1.1780 3329.2
1.413¢ 2218.1
1.6492 1205.1
1.8848 286.14
2.1204 -543.61
2.3560 -1287.7
2.5916 -1849.6
2.8272 ~-252€.4
3.0628 -3052.3
3.2984 -3468.8
3.5340 ~-3822.6
3.7656 -4108.1
4.0052 -4319.6
4.2408 -4454.9
4.4764 -4563.6
4.7120 -44095.2

WSES-05Q-301 page BIS of B3§



X E KW

POSTI

NoGe fory moment summation
Moment summation location
Ars val key for operation

Safecy factor type
Temps of a.lowed stresses

L_lowable stresses
lioad case

Load set
Substep

P T
-wrrenc

* xxX X

Path PATH6
Z 30 20
0 0

Header=
Header=

O

WO IO WD

Node X
1 459 1.71336
2 594. 3.68288

CURRENT PATH SET TO PATH1

*x**x PATH DATA STATUS

StressCy.res

CZLCULATION MODULE STATUS **=*=»*
0
C.00000 0.00000 0.00000
0
0
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.0000 0.0000
0.0000 0.C0000 0.0000
0
12
1
21 16 0 30 31
0 0 0
Y Z CSs
47.99888 0.00000 0
52.27952 0.00000 0

NO ELEMENT TABLE ITEMS DEFINED

* Kk ok ok ¥k

CURRENT PATH NAME= PATH1

WSES-

05Q-301 Page B 16
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ZoLnz cae X Y z CSs
- ~ L LI4EE0C £8.2000C°7 0.20005¢C <
- =24 2. 5EZETE SZ.27952 C.C00007 J
UEZ GLOBEL COORDIKNATES FOR SOLUTION RESULTS
CRLCTULATE NODAL FRINCIPAL VZLUES FROM ELEMENT COMPONENT
TRLUES LUZPAGED AT ELCH NODE
_SE 2.InCe £ES THE EFFECTIVE POISSON'S RATIO FOR EQUIVALENT STRAIN
CRLCTULRETIONRE
DEFINE FPRTH IN BPATH COORDINATE SYSTEM 0
ZorECTICN MLX MIN
z 3.6382%9 1.3435
b 52.280 £8.000
Z 0.0000 0.0000
TCTAL PETH LENGTH = 4.8772
DZFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM (0 AND MOVED TO THE PATH
NUMBER OF PATH VARIARBLES DEFINED IS 5
***x WARNING **+* CPp= 1.933 TIME= 12:05:54
The selected element set contains mixed materials.
This could invalidate error estimation.
SUMMARY OF VARIABLE SZ MAX = 13865. MIN = -2837.2

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

¥*x*x PATH VARIABLE SUMMARY =****=*

S Sz
0.0000 13865.
0.24386 10408.
0.48772 7017.5
0.73158 4789.1
0.97544 3332.5
1.2193 2131.7
1.4632 1119.4
1.7070 273.01
1.9509 -426.28
2.1947 -997.19
2.4386 -1458.4
2.6825 -1828.6
2.9263 -2119.6
3.1702 -2356.6
3.4140 -2527.9
3.6579 -2660.3
3.9017 -2761.5
4.1456 -2836.5
4.3895 -2886.0
4.6333 -2937.2
4.8772 -2916.1

CURRENT PATH SET TO PATH2
WSES-050-301 page BI} of B38



CURRENT PATH NAME= PATEZ
Po_nt Noce % Y zZ CsS
- Z 2.243500 £8.00000 C.000000 ¢
z SeT 2.240768 $2.1838&8 0.000000 8
CSE GLOBAL CQQRD:N’TTS FOR SOLUTION RESULT
CRLCOULZATE NODAL PEINCIPAL VALTUES FROM ELEMENT COMPONENT
TRLUES AVERAGED AT EACHE NODE
CSE  T.20CC AS THE EFFECTIVE POISSON'S RATIO FOR EQUIVALENT STRAIN
CRALCULATION
DEFINE PATE IN PATE COORDINATE SYSTEM 0
DIRECTION MzX MIN
X 5.2408 1.3435
Y 52.184 48.000
zZ 0.0000 0.0000
TOTAL PATE LENGTH = 5.7178

Stres

. DRTE STATU

sCy.re

* x

S

*oF x

DEFINE PATH VARIABLE S7 AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH

NUMEER OF PATH VARIABLES DEFINED IS

* k%

*** WARNING

5

CP=

2.794

The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE SZ MAX = 13865. MIN -2701.5
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0
*xx**x PATH VARIABLE SUMMARY *****
S sz

0.0000 13865.

0.28589 10604.

0.57178 6964.3

0.85767 4529.9

1.1436 3108.2

1.4295 1981.9

1.7153 1035.9

2.0012 244.93

2.2871 -409.10

2.5730 -944.87

2.8589 -1381.3

3.1448 -1729.2

3.4307 -2004.4

3.7166 -2222.0

4.0025 -2381.4

4.2884 -2502.7

4.5743 -2590.1

4.8602 -2649.4

WSES-05Q-301 page BI8 of B3Y
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StressCy.res

i
T
!

DRSNS BNS Y

SLTLTE -Zc23s
CURRENT FPETH SET TC PRTH
TTTTT PARTHE DRTZ STATUS *rx»»
CUPRENT PATH NAME= PATH3
FoInT o litis ot Y z Cs
- ZL34ZE00 £8.00000 C.00000C0 J
. 0 T.1T7E384 51.99880 0.000000 0

'SE GLOZAL COOPDINATES FOR SOLUTION RESULTS

CIP2L VALUES FROM ELEMENT COMPONENT
EACH NODE

Coo AS THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN

DEFINE PATEZ IN PATH COORDINATE SYSTEM C

PPN PaVEE o s NN

ZIRECTION MAX MIN
X 7.1764 1.3435
Y 52.000 48.000
Z 0.06000 0.0000
TOTAL PATH LENGTH = 7.0725
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER CF PATH VARIABLES DEFINED IS 5

*rx WARNING *** CP= 3.635 TIME= 12:05:56
The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE SZ MAX = 13865. MIN -2613.5

PATH BOUNDARY CONDITION DISPLAY KEY = O
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*rxx> PATH VARIABLE SUMMARY *#**=**

S Sz
0.0000 13865.
0.35363 10591.
0.70725 7043.9
1.0508 4414 .7
1.4145 3025.9
1.7681 1968.2
2.1218 1067.7
2.4754 310.09
2.8290 -326.82
3.1826 -854.17
3.5362 -1287.8
3.8899 -1635.9
4.2435 -1914.3

WSES-05Q-301 Page B(§ of B3



StcressCy.res
£, 5302 _sZeals
©.3044 -z41¢.¢
E.ESET -2t804 .3
£.oLlT ~ZZEC.C
CTUREEINT PLTE SET 70 DPATHL
v x> DLTH DATA STATUS »***»
CURRENT PATH NAME= PATH4
Pcint  Node > Y Z CSs
N il 1.34250¢C 48.00000 €.000000 0
z 503 §.875852 51.67010 0.000000 0

CSE GLCBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACE NODE
USE 0.0000 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH TOORDINATE SYSTEM 0
DIRECTION MAX MIN
X 5.5759 1.3435
Y 51.670 48.000
Z 0.0000 0.0000
TOTAL PATH LENGTH = 9.0134
DEFINE PATH VARIABLE S7Z AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM (O AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*x* WARNING *~** CP= 4.486 TIME= 12:05:57
The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE SZ MAX = 13865. MIN -2576.8

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

***x>x PATH VARIABLE SUMMARY ****x

S Sz
0.0000 13865.
0.45067 10502.
0.90134 7124.6
1.3520 4536.0
1.8027 3114.1
2.2533 2114.9
2.7040 1246.1
3.1547 492 .62
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CCRRENT PRTE S=ZT TO PRTHS

*r*xx PATH DATA STATUS **==**

CURRENT PATH NAME= PATHS

Pcint  Noge X Y Z CS
" 817 3.386236 47.95678 0.000000 0
z 53E 5.840043 52.13464 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 5.8400 3.3862
Y 52.135 47.957
z 0.0000 0.0000
TOTAL PATH LENGTH = 4.8452
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM (O AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
*** WARNING *** Cp= 5.368 TIME= 12:05:59

The selected element set contains mixed materials.
This could invalidate error estimation.
SUMMARY OF VARIABLE S7% MaAX = 11357. MIN = -2657.5
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*x*** PATH VARIABLE SUMMARY ***xx

) Sz
0.0000 11357.
0.24226 ~ 8451.6
0.48452 5287.2
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CURRENT PATH SET TO PRPATHE

*xx*x> PATH DATA STATUS *****

CURRENT PATH NAME= PATH6

Point Node X Y Z CS
1 459 1.713356 47.99888 0.000000 0
2 594 3.682875 52.27952 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON'’S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS

DEFINE PATH IN PATH COORDINATE SYSTEM 0

DIRECTION MAX MIN
X 3.6829 1.7134
Y 52.280 47.999
Z 0.0000 0.0000
TOTAL PATE LENGTH = 4.7120
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*** WARNING *** CPk= 6.219 TIME= 12:06:00
The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE S7 MAX = 13529. MIN

It

-2934.1

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

rrrErr PATH VARIABLE SUMMARY ****x
WSES-05Q-301 Page B1% of B33
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Neode Ifor moment summatzion
Momen< summation location
2bs vel key for operation

Safety factor ctype
Temps oI allowed stresses

L__owable stresses
load case

Load set
Stbstep

~~
N ~
Lurrent

Node X
1 455 1.71336
2 594 3.68288

CURRENT PATH SET TO PATH1

StressHU.res

CALCULATION MODULE STATUS **»=*x»
0
0.00000 C.00000
0
0
6.0000 0.000¢C 0
0.0000 0.0000 0
0.0000 0.0000 0
0.0000 0.0000 0
0
24
1
21 16 0 30 31
0 0 0
Y Z Cs
47.99888 0.00000 0
52.27952 0.00000 0

0.00000

.0000
.0000
.0000
.0000

NO ELEMENT TABLE ITEMS DEFINED

*Fxxx*x PATH DATA STATUS ****x»*

CURRENT PATH NAME= PATH1
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StressHU.res

oLt Noas R Y 7 CS
N " LLILzET $8.00009 C.000000 .
Z tos SLfElETE Z2.279E5C SieIsIsiele z
CSE GLOBEL JOCFIZINAETZS FIR SULUTION RESULTS
CRLLCULETE NODAL FRINCIPRL VRELUES FROM ELEMENT COMPONENT
VELTUZS AVZFAGEDL AT ELCE NODE
-3z VRN AS THEE ZFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
CRELCTULATIONS
DZFINE ZATHE IN PATE COORCINATE SYSTEM 0
ZIFZCTIO W MIN
ot 2.582¢ 1.3435
N =Z.ZEeC 48.000
z J.02000 0.0000
TCTAL PATH LENGTE = 4.8772
DEFINZ PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

POTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH

NUMBER OF PATH VARIABLES DEFINED IS 5

SUMMAFRY OF VARIZBLE SZ MAX = 4580.1 MIN = -15213.
PATH BOUNDARY CONDITICN DISPLAY KEY = 0

PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*xxx*x PATH VARIABLE SUMMARY ****»*

S Sz
0.00C0 -15213.
0.2438% -11775.
0.48772 -8498.4
0.73158 -6577.5
0.97544 ~-5040.8
1.2183 -3672.9
1.4632 -2449.9
1.7070 -1353.9
1.9508 -374.00
2.15%47 497.62
2.438¢6 1271.5
2.6825 1955.4
2.9263 2549.1
3.1702 3084.9
3.4140 3507.8
3.6579 3860.9
3.2017 4142.7
4.145¢6 4351.8
4.3895 4481.4
4.6333 4580.1
4.8772 4502.7

CURRENT PATH SET TO PATH2

*rx*x* PATH DATA STATUS *****

CURRENT PATH NAME= PATH2 _
WSES-050-301 Page B2y of B 3§



StressHU.res
‘PoinT Node b v Z CS
z Z Z.34Z2=20¢ £E.00000 C.CC0000 ¢
Z =eT TLZLITCE 52.18388 c.o000cc¢e 0
CEEZ GLOBRL ZOCFIINATES FOR SOLUTION RESULT
CRLIULETZ NCIAL PRINCIPRL VRALUES FROM ELEMENT COMPONENT
ALUZE RTUEFLGED ~T EACH NODE
C5zZ 0 DLl l] ~5 THE EFFECTIVE POISSON’'S RATIO FOR EQUIVALENT STRAIN
DEZFIND FATE IN PRLTH COORDINATE SYSTEM 0
DIFECTICK MAY MIN
bt £.Z408 1.3435
Y 52.184 48.000
z 0.00C0 0.0000
TOTRL PRTH LENGTH = 5.7178
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG
RCTATED INTO COORDINATE SYSTEM (O AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
SUMMARY OF VARIABLE SZ MAX = 4183.0 MIN = -15213.
PATH 30OUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0
*xxxx PATH VARIABLE SUMMARY *****
S SZ
0.0000C -15213.
0.28589 -115926.
0.57178 -8303.6
0.857€67 -6209.4
1.1436 -4719.1
1.4292% -3436.6
1.7153 -2300.7
2.0012 -1287.7
2.2871 -382.54
2.573¢C 426.32
2.8589 1145.9
3.1448 1775.8
3.43C7 2333.6
3.71656 2816.1
4.0025 3216.9
4.2884 3546.8
4.5743 3804.8
4.8602 3995.2
5.1460 4121.2
5.4316 4183.0
5.7178 4175.7
CURRENT PATH SET TO PATH3
*rxwxx* PATH DATA STATUS *****
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StressHU .res
CURFENT 2L7TH NAME= prTEZR
PoLnT Noce > v S
- z 1.34:500 £8.03000¢ L3000 O
z o T.1753¢04 21.6998n0 C.00n00n O
CSE GLOBAL CTO0ORTINETES FOR SOLUTION RESULTS
CRLCULATE NCIAZL PRINCIPRL VRLUES FROM ELEMENT COMPONENT
LLTES AVERLGED AT EACH NOTDE
JSZ sLooll RS THE EZFFECTIVE POISSON’'S RATIO FOR EQUIVALENT
CALCULARTIONS
ZDINE PATHE IN PATH CCOORDINATE SYSTEM o]
TIRECTICN MEX MIN
x 7.1764 2.3435
v 52.000 £8.000
z £.0000C C.0000
T™OTZL PATE LENGTH = 7.0725
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2
ROTATED INTO COORDINATE SYSTEM (O AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
SUMMARY OF VARIABLE SZ MAX = 4084.4 MIN -15213.
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0
*Frx*x PATH VARIABLE SUMMARY ****x
S SZ
0.0000 -15213.
0.35363 -11854.
0.7C725 -8186.5
1.0609 -5978.0
1.4245 -4568.8
1.7681 -3380.6
2.1218 -2316.9
2.4754 -13659.4
2.8290 -512.06
3.182¢ 260.05
3.5363 958.15
3.8899 1575.1
4.2435 2133.7
4.5971 2606.8
4.9508 302%8.1
5.3044 3373.7
5.6580 3649 .6
6.0117 3855.3
6.3653 3897.7
6.7189 4075.8
7.0725% 4084 .4
CURRENT PATH SET TO PATH4
**x*x*x PATH DATA STATUS ****x
WSES-050-301 page Bl of B3
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CURFENT PATH NAME= P2TH
ZcLnT  Noce N Y 7 cs
z - Z.32425(070 48.00000 c.2ccoo0 C
Z €C2 $.575882 £1.67010 2.0020C00 C
CSE ZLCGBAL ZOCFIINATES FOR SOLUTION RESULTS
CRLCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
ALTUZS RUEFRCGEED AT EACH NODE
sz .11 C1C £S5 TEE EFFECTIVE POISSON'S RATIO FOR EQUIVALENT STRAIN
CRELCULLTICONS
DEFINE PATHE IN PATH COORDINATE SYSTEM 0
2IRECTION MAX MIN
X 9.57589 1.3435
Y 51.670 48.000
Z 0.0000 0.0000
TOTAL PRETH LENGTH = 9.0134
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
SUMMARY OF VARIABLE SZ MAX = 4072.0 MIN = -15213.

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*rx** PATH VARIABLE SUMMARY ****»*

S Sz
0.0000 -15213.
0.45067 ~-11€99.
0.50134 -8162.0
1.3520 -5857.1
1.8027 -4618.7
2.2533 -3525.0
2.7040 -2534.9
3.1547 -1625.4
3.605¢4 -792.66
4.0560 -28.807
4.5067 675.72
4.9574 1317.9
5.4080 1893.3
5.8587 2405.5
6.3094 2864.0
6.7600 3242.7
7.2107 3555.5
7.6614 3793.3
8.1121 3956.7
8.5627 4051.8
9.0134 4072.0

CURRENT PATH SET TO PATHS
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StressHU.res
7777 PATH DRTZ STRTUS v
CCRFEENT ELTE NAME= DPLTHE
Point Noge b Y Z CSs
N S ZLLELI3E 47.95878 J.0000200 .
Z S 2.4 0043 52..3464 C.000002 G
JZE ZLCZAL ZO0RDINRZTES TOR OSOLUTION RESULTS
CLLCULRTZ 0L PRINCIDRT L.UJES FROM ELEMENT COMPONENT
LUEE IUEFRGED LT ELOE NODE
CE= cLIlle £S5 THEE ZFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRATN

DEFINE PRTH IN PATH COORDINATE SYSTEM 0
DIRZCTION MaX MIN
oS 5.04“u 3.3862
by 52.13 47.857
Z 0. OOOq 0.0000
TOTAL PATH LENGTH = 4.8452

DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM C AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

SUMMARY OF VARIABLE SZ MAX = 4128.4 MIN =. -12079.

PATH BOUNDARY CONDITION DISPLAY KEY = 0

PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*xxx*x PATH VARIABLE SUMMARY *****

S . SZ
0.0000 -12079.
0.24226 -9274.5
0.48452 -6445.0
0.72678 -5085.4
0.96504 -3965.2
1.2113 -2832.6
1.453¢ -1873.0
1.6958 -1086.4
1.8381 -272.76
2.1803 468.76
2.4226 1142 .4
2.6648 1745.5
2.9071 2276.9
3.1494 2754.8
3.391¢6 3143.0
3.6339 3469.8
3.8761 3729.8
4.1184 3824.7
4.3607 405¢6.5
4.6029 4125.2
4.8452 4128.4
CURRENT PATH SET TO PATHG
WSES-050-301 Page B2l of B2



TTTTY BPETHE DATA STRTUS rrre
CTCFRENT PLTH NAME= P2THE
PolinT  liode 2 v Z g
_ L2z ~ . l33:F £7.99888 0.000020C C
z £l S BBLETE =2.27952 0.000200 .
S5z ZLIzAL ZOIFPDIRATES FOR SOLUTION RESULTS
CRLCULATE NODAL PRINCIPAL VELUES FROM ELEMENT COMPONENT
~LTUES AVERAGED AT EACH NODE
sz L. CUlL A5 THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT
CRLCULATIONS
DZFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION Ma3 MIN
X 3.6829 1.7134
Y £2.280 47.999
z 0.0000 0.0000
TOTAL PATH LENGTH = 4.7120
ZFINE PATE VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2

ROTATED

INTO COORDINATE SYSTEM

NUMBER OF PATH VARIABLES DEFINED IS 5

SUMMARY OF

VARIABLE SZ

MAX = 4574.2

PATH BOUNDARY CONDITION DISPLAY KEY = 0

PRINT ALONG PATH DEFINED BY LPATH COMMAND.

* K K kK

S
0.0000
.23560
47220
. 706890
.94240
.1780
.4136
. 6492
.8848
.1204
.3560
.5816
.8272
.0628
.2984
.5340
.76896
.0052
.2408
.4764
L7120

OO DO

BB W W W W R B N R b b o s

PATH VARIABLE SUMMARY

SZ
-14736.
-11079.
-7709.C
-5981.7
-4634.6
-3404.8
-2278.7
-1251.9
-320.37

520.42
1274.3
1944.3
2529.6
3061.6
3479.6
3833.5
4118.2
4328.8
4463.3
4574 .2
4502.7

*ok ok Kk K
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X ok ow % D/:)S""

Nnde Zor moment summa-ion
Moment summa<tion location
Lbs val key Icor operation

Safety factor type
Terps oI allowed stresses

~llowable stresses

Currenct load case
_oad set
Substep

Frxxx Patn P
Header= Z 30 20
Header= 0

Point Node X
1 459 1.71336
2 594 3,68288

CURRENT PATH SET TO PATH1

StressUi.res

CALCULATION MODULE STATUS ****x

0
0.00000 0.00000
0
0
0.0000 0.0000
0.0000 0.0000
0.0000 ¢.0000
¢.0000 0.0000
0
7
1
21 16 0 30
0 0 0
Y Z CS
47.99888 0.00000 0
52.27952 0.00000 0

31

OO OO

C.00000

.0000
.0000
.0000
.0000

NO ELEMENT TABLE ITEMS DEFINED

*wxxx PATH DATA STATUS ***x*x

CURRENT PATH NAME= PATH1
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roInc NOSE ) o Y z Cs
- z Z.2438010 28.00000 J.000000 0
z =L 2.fElETE S2.Z27QED C.200000 .
U8z GLOBLL CTOCFDINZTES FOR SOLTITION RESULTS
FLCTLATE NODEL FRINCIPERL VALUES FROM ELEMENT COMPONENT
LLUES LUERAZET AT OZACH NODE
US= OO AS THE EFTECTIVE POISSON'’S RATIO FOR EQUIVZILENT STRAIN
DZFINE 2PRT7E IN ZATH COORDINATE SYSTEM Q
DIFECTIC MR MIN
2.682Z°8 1.3435
+ SZ2.280 £8.000
z 2.ooCC 0.000
TOTALL PATH LENGTH = L£.8772
DEFINE PATH VARIABLE S7Z AS THE NODAL DATA ITEM=S COMP=Z AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM (O AND MOVED TC THE PATH
NUMBER OF PRTE VARIARBLES DEFINED IS 5
*** WARNING **~ CPp= 7.200 TIME= 11:52:10
The selected element set contains mixed materials.
This could invalidate error estimation.
SUMMARY OF VARIABLE S2 MAX = 0.10020E+06 MIN = -17399.

PATH BOUNDARY CONDITION DISPLAY KEY = 0

PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

***** PATH VARIABLE SUMMARY *****

S sz
0.0000 0.10020E+06
0.24386 69895.
0.48772 43054.
0.73158 29150.
0.87544 18866.
1.2183 1C551.
1.4632 3832.0
1.7070 -1205.4
1.8508 -5142.6
2.1947 -8180.0
2.4386 -10533.
2.6825 -12352.
2.92€3 -13728.
3.12702 -14822.
3.41490 -155789.
3.6579 -16155.
3.8017 -16594.
4.1456 -16916.
4.3895 ~-17124.
4.6333 -17398.
4.8772 -17244.

CURRENT PATH SET TO PATH2
WSES-05Q-301 Page B3l2 of B34
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AR

STATTS

Psint  Noaqe X v z )
- Z.2a38070 48.00000 2.0000¢C¢C <
g =<7 S.LL0768 52.18388 3.000000 o
CEE GLUBRL COORDINATES FOR SOLUTION RESULTS
CALCTULATE RIZDAL PRINCIPRL VALUES FROM ELEMENT COMPONENT
VELTUEZS AVERAGED AT EACH NODE
USE 2.0200 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CRLCULRTIONS
DEFINE PATH IN PaTH COORDINATE SYSTEM 0
DIPECTION Mz X MIN
X 5.2408 1.3435
v 52.184 48.000
z 0.0000 0.0000
TCTAL PATH LENGTH = 5.7178
DEFINE PATE VARIABLE S2 AS THE NODAL DATA ITEM=S COMP=Z AVGLAB=AVG
ROTATED INTO COORDINATE SYSTEM O AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5
***x WARNING **=* CP= 8.052 TIME= 11:52:11
The selected element set contains mixed materials.
This could invalidate error estimation.
SUMMARY OF VARIABLE SZ MAX = 0.10020E+06 MIN = -15929.
PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATE DEFINED BY LPATH COMMAND. DSYS= 0
*r*x*x PATH VARIABLE SUMMARY ****x*
S SZ
0.0000 0.10020E+06
0.28589 71884.
0.57178 425892,
0.85767 27541.
1.1436 17613.
1.4295 9770.7
1.7153 3533.7
2.0012 -1310.4
2.2871 -5000.9
2.57390 -7834 .4
2.858¢9 -10049.
3.1448 -11739.
3.4307 -13024.
3.7166 -14004.
4.0025 -14687.
4.2884 -15192.
4.5743 -15541.
4.8602 -15766.
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Do linZte b Y Z CS
- - L LZ43507T 48.00C00 0.000000 0
TLTE834L £1.29398¢0 C.000000C 0

e NS

TS5z :L0BAL COCRIINRTES FOR SOLUTION RESULTS

CRLCCLATEZ NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VAELUES AVERAGED AT EZACH NODE
JSz J3.0000 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CELCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 7.1764 1.3435
Y 52.000 48.000
Z 0.0000 0.0000
TOTAL PATH LENGTH = 7.0725
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*** WARNING *** Cp= 8.903 TIME= 11:52:12

The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMERY OF VARIABLE SZ MAX = 0.10020E+C6 MIN -15378.

1

PATH BOUNDARY CONDITION DISPLRY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*wxxx PATH VARIABLE SUMMARY *****

S Sz
0.0000 0.10020E+06
0.35363 72394.
0.70725 42937.
1.0609 26852,
1.4145 17312.
1.7681 9853.2
2.1218 3829.0
2.4754 -894.57
2.8290 -4534.9
3.1826 -7334.1
3.5363 -9532.1
3.8899 -11219.
4.2435 -12513.
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rrrrr PRTH DATA STATUS *xxx*x*

CURRENT PATH NAME= PATH4
Pcint Noge X Y Z CS
- - Z.343500 48.00000 0.000000 0
Z c(Z §.57:852 51.67010 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 9.5759 1.3435
Y 51.670 48.000
Z 0.0000 0.0000
TOTAL PATH LENGTH = 5.0134
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2 AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM 0 AND MOVED TO THE PATH
NUMBER OF PATE VARIABLES DEFINED IS 5

*** WARNING *** CPp= 9.754 TIME= 11:52:13

The selected element set contains mixed materials.
This could invalidate error estimation. .
SUMMARY OF VARIABLE SZ MAX = 0.10020E+06 MIN

-15155.

PATH BOUNDARY CONDITION DISPLAY KEY = O
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*xE*** PATH VARIABLE SUMMARY **=**x

S Sz
0.0000 0.10020E+06
0.45067 72498.
0.90134 44232.
1.3520 27633.
1.8027 18191.
2.2533 1100z2.
2.7040 5031.9
3.1547 186.78
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CUPRENT PATH SET TO PATES
*rxr> PATH DATA STATUS **xxx

CURRENT PATH NAME= PATHS

Point Node X Y Z CS
1 817 3.386236 47 .95678 0.000000 0
2 598 5.840043 52.13464 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 5.8400 3.3862
Y 52.135 47.957
zZ 0.0000 0.0000
TOTAL PATH LENGTH = 4.8452
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM O AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*rx WARNING *** CP= 10.605 TIME= 11:52:14
The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE SZ MAX = 85906. MIN -15651.

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

*rxx* PATH VARIABLE SUMMARY *****

S SZ
0.0000 85906.
0.24226 ' 58306.
0.48452 32792.

WSES-05Q-301 Page B3k of B3§



0.72678 2183s.
+ £.56%04 13973.
1.2113 7391.12
1.4536 2023.8
1.56958 -2200.2
1.9381 -5472.2
2.1803 -8028.1
2.4226 -10044.
2.6648 -11608.
2.8071 -12807.
3.2454 -13738.
3.391¢ -14396.
3.6339 -14884.
3.8761 ~-15229.
4.1184 -15459.
4.3607 -155985.
4.6029 -15651.
4.8452 -15622.

CURRENT PATH SET TO PATHG6

*xxxx PATH DATA STATUS ****x

CURRENT PATH NAME= PATHG6

Point Node X Y Z CS
1 459 1.713356 47.99888 0.000000 0
2 594 3.682875 52.27952 0.000000 0

USE GLOBAL COORDINATES FOR SOLUTION RESULTS

CALCULATE NODAL PRINCIPAL VALUES FROM ELEMENT COMPONENT
VALUES AVERAGED AT EACH NODE

USE 0.0000 AS THE EFFECTIVE POISSON’S RATIO FOR EQUIVALENT STRAIN
CALCULATIONS '
DEFINE PATH IN PATH COORDINATE SYSTEM 0
DIRECTION MAX MIN
X 3.6829 1.7134
Y 52.280 47.999
Z 0.0000 0.0000
TOTAL PATH LENGTH = 4.7120
DEFINE PATH VARIABLE SZ AS THE NODAL DATA ITEM=S COMP=2Z AVGLAB=AVG

ROTATED INTO COORDINATE SYSTEM (0 AND MOVED TO THE PATH
NUMBER OF PATH VARIABLES DEFINED IS 5

*** WARNING *** CP= 11.466 TIME= 11:52:15

The selected element set contains mixed materials.
This could invalidate error estimation.

SUMMARY OF VARIABLE S2Z MAX = 0.10059E+06 MIN

-17381.

PATH BOUNDARY CONDITION DISPLAY KEY = 0
PRINT ALONG PATH DEFINED BY LPATH COMMAND. DSYS= 0

¥**** DPATH VARIABLE SUMMARY ***xx*
WSES-050-301 Page B3}) of B34
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0.0000
0.23560
0.4712C
0.70680
0.94240
.1780
.4136
.6492
.8848
.1204
.3560
.5916
.8272
.0628
.2984
.5340

.0052
.2408
.4764
.7120

BB DWW W W R DN N s o

.7696 _

SZ

0.10059E+06

67497 .
38931.
26211.
16992.
9420.5
3283.0
-1538.5
-5278.9
-8205.4
-104695.
~12272.
-13633.
-14718.
-15472.
-16060.
-16513.
-16843.
-17068.
-17381.
~17244.
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1.

1.0 PROBLEM STATEMENT/OBJECTIVE

Perform crack growth analysis in the pressurizer heater sleeve-to-pressurizer weld cladding.

2.0 ANALYTICAL APPROACH

Develop a finite element model of the lower pressurizer head including the pressurizer-to-heater
weld area and the modified repair design to determine local stresses so that a stress distribution
away from the weld into the base metal can be determined. The analysis will be based on an
enlarged hole in the pressurizer shell to account for outermost heater locations with the largest
side-hill angle. Thus, the analysis will be applicable for a repair at any of the pressurizer heater

locations.

Quantify the cyclic operating conditions expected for the bottom head. Maximum stress and
cyclic operations must be determined.

Perform stress analysis for the transient thermal conditions and pressure so that the most severe
loading condition stress distributions can be determined.

Perform a crack growth analysis for assumed cracking at the inner surface. Since the pressurizer
cladding is Alloy 600, perform evaluations for both a corner crack and for a crack that extends
further into the adjacent cladding.

Determine the ASME Section XI allowable flaw size for each crack.

Determine the number of cycles to reach the allowable flaw size if this is less than the allowable
for the plant life.

3.0 DESIGN CONDITIONS

Operating conditions and geometry have been based on the design input provided by Entergy [1].
Operating conditions include the following significant events;

Heatup/Cooldown — 500 lifetime cycles. For the pressurizer, the rate is 200°F/hr, from 70°F to
653°F. The pressure cycles between O psig and 2235 psig. The thermal stresses are relatively
small and are of opposite sign from pressure stresses in the area of the assumed cracking.
However, since thermal stresses develop prior to pressurization, they are considered for the
initial part of the heatup transient.
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to

Plant Loading Unicading. Step Load Increase/Decrease and Normal Variations — 10° cvcies.
These are +/- 100 psig and +/- 20°F. It is assumed that the temperature and pressure variations
are relatively slow since rapid changes do not normally occur with this high frequency. In
additions, the thermal stress sign would be opposite to the pressure stress sign such that it is
conservative to neglect the thermal stresses. (There are 2000 variations per Heatup/Cooldown
cvele.)

%)

Reactor Trip. Loss of Primary Flow and Loss of Load — 480 cycles. This transient is a 2535 psig
overpressure. followed by a reduction in pressure to 1685 psig, and then a slow repressurization
back to 2235 psig. There is also a significant thermal transient with the temperature reducing to
613°F from normal operating temperature at the same time that the peak pressure occurs. The
temperature then decreases an additional 20°F in about 550 seconds before it slowly increases
back to normal conditions in another 1400 seconds. (For ease of calculation, it is assumed that
there are 500 cycles, the same as the number of Heatup/Cooldown cycles.)

4. Leak Test — 200 cycles. This is assumed to be a separate cycle from zero pressure to normal
pressure of 2235 psig. The heatup rate for the pressurizer is given as 100°F/hour. As with
normal heatup and cooldown, it is conservative to neglect the transient thermal stresses except
for the initiation of the heatup. (It is conservatively assumed that there are 250 of these cycles in
the crack growth calculation.) :

The five Emergency Condition Loss of Secondary Pressure transients are not included since they are
not normal expected events. Section XI [2] provides lower safety factors for these transients and the
resulting stresses are not expected to be significantly different than those already evaluated. The 10
ASME Hydrotests to 3125 psig are also not considered. ASME Section XI no longer requires elevated

pressure testing of vessels in service.

4.0 STRESS EVALUATION

A local axisymmetric finite element model was created to generate local stress distributions in the

vicinity of the heater penetration [3]. This model included a penetration diameter of 2.687 inches to
conservatively account for the maximum sidehill dimension of the heater penetration that is furthest
from the centerline of the pressurizer. The model also included external modifications to the heater

penetration.

For purposes of determining stress intensity factors, a stress distribution across the wall of the vessel
was required. For a nozzle corner crack fracture mechanics model, a stress distribution representing
the stresses midway between the nozzle bore and the vessel inside surface is appropriate. However,
since the stresses increased toward the bore [3], a stress distribute along a path inclined from the
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nozzle bore by approximately 30 degrees was conservatively used. A similar path was chosen for a
circumferential flaw fracture mechanics modef that extended to the same point on the outside of the
shell but started from the edge of the weld region on the cladding inside surface. Stresses for all other
paths inclined at larger angle were found to have lower stresses as a function of distance from the

nozzle-to-shell intersection.

The pressure stress distribution across the wall of the vessel from the region of the Alloy 600 weld
along these paths for normal operating pressure of 2235 psig was determined to be 26.4 ksi locally at
the heater-to-cladding weld. 22.9 ksi at the edge of the weld and 15.3 ksi at the outside of the
pressurizer shell. Since pressure was the major loading condition, the thermal stresses were obtained

along the same paths.

During heatup, there is a compressive stress developed prior to pressurization due to the rapid heatup.
Pressurization does not begin until the pressurizer exceeds 212°F. The maximum heatup thermal
stress was determined to be —15.2 ksi compression at the weld (-14.7 ksi adjacent to the weld)
increasing to about 4.5 ksi at the outside of the pressurizer and was used in the evaluation. (One half
of this value is used for the leak tests which have a specified heatup rate one half of that for the normal

Heatup.)

It is conservatively assumed that the pressure on the crack face increases stress intensity factors. This
is done by determining polynomial distribution that approximates the pressure up to a distance of 1.6
inches into the wall (to conservatively allow for cracks up to this depth in the analysis). Subsequent
evaluation of crack growth indicates that the assumed distance was conservatively overestimated by

about a factor of two.

It is expected that the Alloy 600 welds would have a high degree of residual stresses at the time of
initial construction. However, in initial vessel hydrotest and the first heatup to operating conditions,
there will be additional tensile yielding of the material due to the applied thermal and pressure stress
loadings. Pressurized transients such as the rapid temperature reduction for a reactor trip transient
would further yield the material at the surface. However, at both locations considered in the analysis,
the combination of pressure plus thermal stresses for the weld region exceeded 35 ksi. Since the
maximum stress due to pressure plus thermal for the reactor trip transient was greater than 35 ksi,
residual stresses can be neglected. The 35 ksi value is conservatively taken as equal to the room
temperature minimum yield strength of Alloy 600 materials from the ASME Code [4], and accounts

for some additional tensile stress above the Code value of 27.4 ksi at 650°F.
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5.0 FRACTURE MECHANICS ANALYSIS

5.1 Crack Growth Law

The crack growth law for ferritic materials in a water environment from Appendix A of Section XI [2]
1S used.

3.2 Fracture Toughness

The major stresses in the vicinity of the cracking is due to applied pressure. At conditions of high
pressure, the temperature is also high. Thus, it is assumed that the material is on the upper shelf and
the fracture toughness curve from Section XI, Appendix A is used, assuming 200 ksi-in'>. A factor of
3.1623 (square root of 10) is used resulting in an allowable fracture toughness is 63.24 ksi-in'".

5.3 Initial Flaw Size

The initial flaw size is taken as the maximum depth of the Alloy 600 material, resulting in an initial
depth of 0.4375 in. [1]. This conservatively assumes that the initial cracking extends to the Alloy
600/ferritic interface.

5.4 Crack Growth Analysis

The crack growth analysis is conducted with pc-CRACK for Windows [5], ST’s program for
performing fracture mechanics analysis. This allows determination of critical crack sizes and crack

growth.
5.5 Fracture Mechanics Models

The cracking in the Alloy 600 welds is evaluated using the pc-CRACK simulated corer crack model
[6]. This model takes into account the local high stresses at the intersection of a nozzle bore and
vessel shell. For this model, the effect of cracking on both sides of the nozzle is accounted for by
multiplying the stress intensity factors by a factor of 1.1. This factor was arrived at using the single
crack-to-two crack multiplier for an assumed corner crack flaw size of 1.5 inches, using the bore
diameter of the actual heater penetration (1.662 inches), and the model from Reference 7:
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KEF/aw.r = T tr
KlFlau 4 ac
T 2
where: a = flaw depth into nozzie bore

¢ = flaw length along shell
t = shell thickness
r = nozzle bore radius

This factor could be reduced by using the actual flaw sizes determined in the analysis.

In addition. a model for a long surface crack in a cylinder (UR = 0.1) [8] was also evaluated since the
cracking could extend along the shell in the Alloy 600 cladding. For the large aspect ratio, relatively
higher stress intensity factors are calculated. Since this assumes an infinitely long crack, no multiplier
needs to be applied to account for multiple flaws near the repaired heater tube.

6.0 RESULTS

The corner crack model predicts that the crack will grow to 0.5697 inches after 500 heatup/cooldown
cycles (including all other transients described above). The end-of-period maximum stress intensity

factor is 41.8 ksi-in'* and is significantly less than the allowable, and is controlled by the reactor trip
cycle. The stress intensity factor for the initial flaw size is 37.7 ksi-in 2.

For the assumed circumferential crack model, the crack grows to 0.6951 inches after the total design
. . . .. D
cycles. The stress intensity factor is 60.3 ksi-in"">.

The pc-CRACK output files are included in Appendix A (CORNER.OUT for the comner crack model
and LONG.OUT for the long surface crack model). These files include the throughwall stress
distributions, stress coefficients, stress intensity factors as a function of crack size, crack growth laws,
fracture toughness. initial crack size, fatigue crack growth load combinations, and resulting crack
growth, either input or predicted by the analysis for each flaw model.

7.0 DISCUSSION

This analysis demonstrates that there is significant margin to protect against growth of cracks from the
Alloy 600 weld material into the base material. The approach taken to show this is believed to be
quite conservative. It is based on design transients and assumes that there is a crack that extends
completely to the base metal surface at beginning of life. The evaluation which considered a complete
circumferential crack shows even more conservatism.
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Following completion of the analysis described above, Entergy determined that the penetration would
be plugged instead of replacing the heater. Replacement design [9] is not unlike the heater. with
respect to this analysis. The loadings on the weld and pressurizer shell are exactly the same. The
thermal conditions are essentially unchanged since the temperature gradients are mainly through the
pressurizer wall. The weld details in both are the original plant construction. Therefore., the analysis
described above is applicable for both the heater replacement or the penetration plug design.
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pc-CRACK Output
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pc-CRACK  for Windows
Version 3.1-98348
(C) Copyright '84 - '98
Structural Integrity Associates, Inc.
3315 Aimaden Expressway, Suite 24
San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: pccrack@structint.com

Linear Elastic Fracture Mechanics
Date: Fri Oct 27 14:21:13 2000
Input Data and Results File: CORNER.LFM
Title: WSES Corner Crack
Load Cases:
Case ID: 2235 Psig --- Stress Distribution

Depth  Stress

0.0000 26389.0000
0.2439 24638.0000
0.4877 22794.0000
0.7316 21200.0000
0.9754 20342.0000
1.2193 19610.0000
1.4632 18977.0000
1.7070 18408.0000
1.9509 17886.0000
2.1947 17458.0000
2.4386 17059.0000
2.6825 16725.0000
2.9263 16420.0000
3.1702 16215.0000
3.4140 15985.0000
3.6579 15800.0000
3.9017 15658.0000
4.1456 15552.0000
4.3895 15450.0000
4.6333 15479.0000
4.8772 15256.0000

Case ID: Heatup --- Stress Distribution

Depth  Stress

0.0000 -15213.0000
0.2439 -11775.0000
0.4877 -8498.4004
0.7316 -6577.5000
0.9754 -5040.7998
1.2193 -3672.8999
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1.4632 -2449.8999
1.7670 -1353.9000
1.9509 -374.0000
2.1947 497.6200
2.4386 1271.5000
2.6825 1955.4000
2.9263 2549:1001
3.1702 3084.8999
3.4140 3507.8000
3.6579 3860.8999
3.9017 4142.7002
4.1456 4351.7998
4.3895 4481.3999
4.6333 4580.1001
4.8772 4502.7002

Case ID: Coodown --- Stress Distribution

Depth  Stress

0.0000 15491.0000
0.2439 11929.0000
0.4877 8526.0000
0.7316 6491.1001
0.9754 4951.3999
1.2193 3596.0000
1.4632 2387.0000
1.7070 1304.8000
1.9509 337.6400
2.1947 -522.6200
2.4386 -1286.5000
2.6825 -1961.9000
2.9263 -2548.8999
3.1702 -3076.8000
3.4140 -3498.0000
3.6579 -3850.8999
3.9017 -4132.8999
4.1456 -4342.7002
4.3895 -4473.0000
4.6333 -4569.7998
4.8772 -4495.2002

Case ID: Reactor Trip --- Stress Distribution

Depth Stress

0.0000 13865.0000
0.2439 10408.0000
0.4877 7017.5000
0.7316 4789.1001
0.9754 3332.5000
1.2193 2131.7000
1.4632 1119.4000
1.7070 273.0100
1.9509 -426.2800
2.1947 -997.1900
2.4386 -1458.4000
2.6825 -1828.6000
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2.9263 -2119.6001
3.1702 -2356.6001
3.4140 -2527.8999
3.6579 -2660.3000
3.9017 -2761.5000
4.1456 -2836.5000
4.3895 -2886:0000 :
4.6333 -2937.2000
4.8772 -2916.1001

Case ID: 2235 Crack Pressure --- Stress Distribution

Depth  Stress

0.0000 2235.0000
0.2000 2235.0000
0.6000 2235.0000
0.8000 2235.0000
1.0000 2235.0000
1.2000 2235.0000
1.4000 2235.0000
1.6000 2235.0000
1.6001  0.0000
1.8000  0.0000
2.0000  0.0000
2.2000  0.0000
2.4000  0.0000
2.6000  0.0000
2.8000  0.0000
3.0000  0.0000

Stress Coefficients

Case ID Co C1 o) C3 Type

2235 Psig 26105.5 -7243.42  1819.97 -163.548 StressDist
Heatup -14409.7 11659.4 -2620.68  213.637 StressDist
Coodown 146304 -12074.7 2796.83 -234.506 StressDist
Reactor Trip 13140.7 -12813.4 3563.85 -334.304 StressDist

2235 Crack Pres 2018.21 2399.61 -2839.93 610.534 StressDist

Crack Model: Simulated 3-D Nozzie Corner Crack

WARNING: The stress intensity factor (K) is calculated at the deepest point only.
May be non-conservative in some cases.

Crack Parameters:
Max. crack size:  3.5000

------------------ Stress Intensity Factor—-——-————-----
Crack Case Case Case Case Case
Size 2235 Psig Heatup Coodown Reactor Tr 2235 Crack

0.0700  8562.58 -4641.22 4709.71 4208.62  693.664
0.1400 11998.3  -6384.3 6474.94 5756.23  1013.03
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0.2100
0.2800
0.3500
0.4200
0.4900
0.5600
0.6300
0.7000
0.7700
0.8400
0.9100
0.9800
1.0500
1.1200
1.1900
1.2600
1.3300
1.4000
1.4700
1.5400
1.6100
1.6800
1.7500
1.8200
1.8900
1.9600
2.0300
2.1000
2.1700
2.2400
2.3100
2.3800
2.4500
2.5200
2.5900
2.6600
2.7300
2.8000
2.8700
2.9400
3.0100
3.0800
3.1500
3.2200
3.2900
3.3600
3.4300
3.5000

14562

16665
18468.5
20056.4
21479.1
22769.8
239521
25043.2
26056 .4

27002
27888.5
28722.8
29510.6
30256.7
30965.5
31640.3
32284.4
32900.6
33491.2
34058.5
34604.3
35130.4
35638.4
36129.7
36605.5

37067
37515.3
37951.4
38376.1
38790.3
39194.7

39590
39976.8
40355.7
40727.1
41091.7
41449.9

41802
42148.4
42489.4
42825.5
43156.8
43483.6
43806.1
44124.5
44439.1
44749.9
45057.1

Crack Growth Laws:

Law ID: LAS
Model: ASME Section XI - ferritic steel in water environment

-7604.01
-8537.13
-5278.59
-9878.75
-10368.6
-10768.9
-11094.6
-11357.1
-11565.2
-11725.8
-11844.7
-11926.8
-11976.1
-11996.3
-11990.2
-11960.7
-11510
-11840.2
-11753.4
-11651
-11534.7
-11405.9
-11265.7
-11115.4
-10956
-10788.4
-10613.6
-10432.3
-10245.3
-10053.3
-9856.88
-9656.62
-9453.07
-9246.71
-8037.99
-8827.31
-8615.05
-8401.55
-8187.13
-7872.06
-7756.59
-7540.96
-7325.36
-7109.97
-6894.95
-6680.43
-6466.53
-6253.33

7707.71
8648.78
9394.75
9996.9
10486.8
10885.6
11208.8
11467.7
11671.4
11827
11940.5
12016.8
12060
12073.9
12061.5
12025.5
11968.4
11892.3
11799.1
11690.6
11568.4
11433.7
11288
11132.4
10968
10795.6
10616.3
10430.9
10240
10044.4
9844.72
9641.54
9435.38
9226.73
9016.03
8803.68
8590.06
8375.5
8160.3
7944.72
7729.01
7513.39
7298.03
7083.11
6868.76
6655.09
6442.21
6230.19

da/dN = CL * SL * dK~5.95 for dK < dKtran
da/dN = CU * SU * dK~1.95 for dK >= dKtran

where

6816 44
7608.38
8220.58
8700.4
9077.14
9370.7
9595.46
§9762.31
9879.8
9954.82
9993.02
9999.18
9977.33
9930.96
9863.1
9776.4
9673.21
9555.6
9425.46
9284.43
9134.02
8975.59
8810.35
8639.43
8463.81
8284.41
8102.05
7917.49
7731.39
7544.37
7356.98
7169.72
6983.02
6797.28
6612.85
6430.03
6249.09
6070.27
5893.73
5719.66
5548.16
5379.34
5213.25
5049.94
4889.41
4731.64
4576.59
4424.2

1275.23
1507.11
1718.03
1912.24
2091.93
2258.34
2412.23
2554.08
2684.23
2802.93
2910.42
3006.89
3092.57
3167.65
3232.5
3287.27
3332.3
3367.93
3394.51
3412.44
3422.14
3424.06
3418.68
3406.51
3388.1
3364.01
3334.84
3301.21
3263.79
3223.24
3180.29
3135.64
3090.08
3044.37
2999.32
2955.76
2914.56
2876.58
2842.72
2813.91
2791.09
2775.23
2767.31
2768.34
2778.36
2801.4
2835.55
2882.88

File No. WSES-05Q-302

Page AS of A23




dK = Kmax - Kmin
R = Kmin / Kmax
for R <= 0.25:
SL=1.0 SU=1.0 dKtran = 17.74
for 0.25 < R <= (0.65:
SL=269*R-5725 SU=3.75*R+0.06
dKtran = 17.74*{(3.75 * R + 0.06)/(26.9 * R - 5.725)}70.25
for 0.65 < R:
SL=11.76 SU =25 dKtran = 12.04

where:
CL = 1.4408e-030
CU = 1.4267e-013
are for the selected units of:
force: Ib
length: inch

Material Fracture Toughness Klc:
Material ID: LAS

Depth Klc

0.0000 63245.0000
4.0000 63245.0000

Initial crack size=  0.4375

Max. crack size= 3.5000
Number of blocks= 250
Print increment of block= 5

Cycles Calc. Print Crk. Grw. Mat.

Subblock /Time incre. incre. Law Klc
HUCD+Trip 2 1 5 LAS LAS
Normal and Trip 2 1 5 LAS LAS
Leak Test 1 1 ) LAS LAS
Variations 4000 40 4000 LAS LAS
Kmax Kmin
Subblock Case ID Scale Factor Case ID Scale Factor
HUCD+Trip 2235 Psig  1.2477 2235 Psig 0.0000
Reactor Trip  1.1000 Heatup  1.1000

2235 Crack Pressure  1.2477
Normal and Trip 2235 Psig  1.1000 2235 Psig  0.8293
2235 Crack Pressure  1.1000 2235 Crack Pressure
Leak Test 2235 Psig  1.1000 2235 Psig 0.0000
2235 Crack Pressure  1.1000 Heatup  0.5500
Variations 2235 Psig  1.1492 2235 Psig  1.0508
2235 Crack Pressure  1.1492 2235 Crack Pressure

0.8293

1.0508
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Crack growth resuits:

Total Subblock

Cycles Cycles DaDn
/Time /Time Kmax Kmin DeltaKk R /DaDt Da a a/thk
Block: §
16022 2 3.77e+004 -1.10e+004 4.87e+004 -0.29 1.97e-004 1.97e-004 0.4398 0.00

16024 2 2.47e+004 1.86e+004 6.07e+003 0.75 5.48e-007 5.48e-007 0.4398 0.00
16025 1 2.47e+004 -5.51e+003 3.02e+004 -0.22 7.74e-005 7.74e-005 0.4399 0.00
20025 4000 2.58e+004 2.36e+004 2.21e+003 0.91 1.33e-009 5.32e-008 0.4399 0.00
Block: 10
36047 2 3.77e+004 -1.10e+004 4.88e+004 -0.29 1.97e-004 1.97e-004 0.4422 0.00
36049 2 2.47e+004 1.86e+004 6.08e+003 0.75 5.56e-007 5.56e-007 0.4422 0.00
36050 1 2.47e+004 -5.52e+003 3.02e+004 -0.22 7.77e-005 7.77e-005 0.4423 0.00
40050 4000 2.58e+004 2.36e+004 2.21e+003 0.91 1.35e-009 5.40e-008 0.4423 0.00
Block: 15
56072 2 3.78e+004 -1.11e+004 4.89e+004 -0.29 1.98e-004 1.98e-004 0.4446 0.00
56074 2 2.48e+004 1.87e+004 6.10e+003 0.75 5.64e-007 5.64e-007 0.4446 0.00
56075 1 2.48e+004 -5.53e+003 3.03e+004 -0.22 7.81e-005 7.81e-005 0.4447 0.00
60075 4000 2.59e+004 2.37e+004 2.22e+003 0.91 1.37e-009 5.48e-008 0.4447 0.00
Block: 20
76097 2 3.79e+004 -1.11e+004 4.90e+004 -0.29 1.99e-004 1.99e-004 0.447 0.00
76099 2 2.48e+004 1.87e+004 6.11e+003 0.75 5.73e-007 5.73e-007 0.447 0.00
76100 1 2.48e+004 -5.54e+003 3.04e+004 -0.22 7.84e-005 7.84e-005 0.4471 0.00
80100 4000 2.60e+004 2.37e+004 2.22e+003 0.91 1.39e-009 5.56e-008 0.4471 0.00
Block: 25
96122 2 3.80e+004 -1.11e+004 4.91e+004 -0.29 2.00e-004 2.00e-004 0.4494 0.00
96124 2 2.49e+004 1.88e+004 6.13e+003 0.75 5.81e-007 5.81e-007 0.4494 0.00
96125 1 2.49e+004 -5.55e+003 3.05e+004 -0.22 7.88e-005 7.88e-005 0.4495 0.00
100125 4000 2.60e+004 2.38e+004 2.23e+003 0.91 1.41e-009 5.64e-008 0.4495 0.00
Block: 30
116147 2 3.81e+004 -1.11e+004 4.92e+004 -0.29 2.01e-004 2.01e-004 0.4519 0.00
116149 2 2.50e+004 1.88e+004 6.14e+003 0.75 5.90e-007 5.90e-007 0.4519 0.00
116150 1 2.50e+004 -5.56e+003 3.05e+004 -0.22 7.91e-005 7.91e-005 0.4519 0.00
120150 4000 2.61e+004 2.39e+004 2.23e+003 0.91 1.43e-009 5.72e-008 0.4519 0.00
Block: 35
136172 2 3.82e+004 -1.11e+004 4.93e+004 -0.29 2.01e-004 2.01e-004 0.4543 0.00
136174 2 2.50e+004 1.89e+004 6.16e+003 0.75 5.98e-007 5.98e-007 0.4543 0.00
136175 1 2.50e+004 -5.57e+003 3.06e+004 -0.22 7.95e-005 7.95e-005 0.4544 0.00
140175 4000 2.62e+004 2.39e+004 2.24e+003 0.91 1.45e-009 5.81e-008 0.4544 0.00
Block: 40
156197 2 3.82e+004 -1.11e+004 4.94e+004 -0.29 2.02e-004 2.02e-004 0.4568 0.00
156199 2 2.51e+004 1.89e+004 6.17e+003 0.75 6.07e-007 6.07e-007 0.4568 0.00
156200 1 2.51e+004 -5.57e+003 3.07e+004 -0.22 7.98e-005 7.98e-005 0.4568 0.00
160200 4000 2.62e+004 2.40e+004 2.24e+003 0.91 1.47¢-009 5.89¢-008 0.4568 0.00
Block: 45
176222 2 3.83e+004 -1.12e+004 4.95e+004 -0.29 2.03e-004 2.03e-004 0.4592 0.00
176224 2 2.52e+004 1.90e+004 6.19e+003 0.75 6.16e-007 6.16e-007 0.4592 0.00
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176225 1 2.52e+004 -5.58e+003 3.07e+004 -0.22 8.02e-005 8.02e-005 0.4593 0.00
180225 4000 2.63e+004 2.40e+004 2.25e+003 0.91 1.49¢-009 5.98e-008 0.4593 0.00

Block: 50
196247 2 3.84e+004 -1.12e+004 4.96e+004 -0.29 2.04e-004 2.04e-004 0.4617 0.00
196249 2 2.52e+004 1.90e+004 6.21e+003 0.75 6.25¢-007 6.25e-007 0.4617 0.00
196250 1 2.52e+004 -5.59e+003 3.08e+004 -0.22 8.06e-005 8.06e-005 0.4618 0.00
200250 4000 2.63e+004 2.41e+004 2.26e+003 0.91 1.52e-009 6.07e-008 0.4618 0.00

Block: 55
216272 2 3.85e+004 -1.12e+004 4.97e+004 -0.29 2.05e-004 2.05e-004 0.4642 0.00
216274 2 2.53e+004 1.91e+004 6.22e+003 0.75 6.34e-007 6.34e-007 0.4642 0.00
216275 1 2.53e+004 -5.60e+003 3.09e+004 -0.22 8.09e-005 8.09e-005 0.4643 0.00
220275 4000 2.64e+004 2.41e+004 2.26e+003 0.91 1.54e-009 6.16e-008 0.4643 0.00

Block: 60
236297 2 3.86e+004 -1.12e+004 4.98e+004 -0.29 2.06e-004 2.06e-004 0.4667 0.00
236299 2 2.53e+004 1.91e+004 6.24e+003 0.75 6.44e-007 6.44e-007 0.4667 0.00
236300 1 2.53e+004 -5.61e+003 3.10e+004 -0.22 8.13e-005 8.13e-005 0.4667 0.00
240300 4000 2.65e+004 2.42e+004 2.27e+003 0.91 1.56e-009 6.25e-008 0.4668 0.00

Block: 65
256322 2 3.87e+004 -1.12e+004 4.99e+004 -0.29 2.06e-004 2.06e-004 0.4692 0.00

256324 2 2.54e+004 1.92e+004 6.25e+003 0.75 6.54e-007 6.54e-007 0.4692 0.00
256325 1 2.54e+004 -5.62e+003 3.10e+004 -0.22 8.17e-005 8.17e-005 0.4693 0.00
260325 4000 2.65e+004 2.43e+004 2.27e+003 0.91 1.59e-009 6.34e-008 0.4693 0.00

Block: 70
276347 2 3.88e+004 -1.13e+004 5.00e+004 -0.29 2.07e-004 2.07e-004 0.4717 0.00
276349 2 2.55e+004 1.92e+004 6.27e+003 0.75 6.63e-007 6.63e-007 0.4717 0.00
276350 1 2.55e+004 -5.63e+003 3.11e+004 -0.22 8.21e-005 8.21e-005 0.4718 0.00
280350 4000 2.66e+004 2.43e+004 2.28e+003 0.91 1.61e-009 6.44e-008 0.4718 0.00

Block: 75
296372 2 3.88e+004 -1.13e+004 5.01e+004 -0.29 2.08e-004 2.08e-004 0.4742 0.00

296374 2 2.55e+004 1.92e+004 6.28e+003 0.75 6.73e-007 6.73e-007 0.4742 0.00
296375 1 2.55e+004 -5.64e+003 3.12e+004 -0.22 8.24e-005 8.24e-005 0.4743 0.00
300375 4000 2.67e+004 2.44e+004 2.28e+003 0.91 1.63e-009 6.53e-008 0.4743 0.00

Block: 80
316397 2 3.89e+004 -1.13e+004 5.02e+004 -0.29 2.09e-004 2.09e-004 0.4767 0.00

316399 2 2.56e+004 1.93e+004 6.30e+003 0.75 6.83e-007 6.83e-007 0.4767 0.00
316400 1 2.56e+004 -5.65e+003 3.12e+004 -0.22 8.28e-005 8.28e-005 0.4768 0.00
320400 4000 2.67e+004 2.45e+004 2.29e+003 0.91 1.66e-009 6.63e-008 0.4768 0.00

Block: 85
336422 2 3.90e+004 -1.13e+004 5.03e+004 -0.29 2.10e-004 2.10e-004 0.4793 0.00
336424 2 2.57e+004 1.93e+004 6.31e+003 0.75 6.93e-007 6.93e-007 0.4793 0.00
336425 1 2.57e+004 -5.66e+003 3.13e+004 -0.22 8.32e-005 8.32e-005 0.4794 0.00
340425 4000 2.68e+004 2.45e+004 2.30e+003 0.91 1.68e-009 6.73e-008 0.4794 0.00

Block: 90
356447 2 3.91e+004 -1.13e+004 5.04e+004 -0.29 2.11e-004 2.11e-004 0.4818 0.00
356449 2 2.57e+004 1.94e+004 6.33e+003 0.75 7.04e-007 7.04e-007 0.4819 0.00
356450 12.57e+004 -5.67e+003 3.14e+004 -0.22 8.36e-005 8.36e-005 0.4819 0.00
360450 4000 2.69e+004 2.46e+004 2.30e+003 0.91 1.71e-009 6.83e-008 0.4819 0.00

Block: 95
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376472 2 3.92e+004 -1.14e+004 5.06e+004 -0.29 2.12e-004 2.12e-004 0.4844 0.00
376474 2 2.58e+004 1.94e-+004 5.35e+003 0.75 7.15e-007 7.15e-007 0.4844 0.00

376475 1 2.58e+004 -5.68e+003 3.15e+004 -0.22 8.40e-005 8.40e-005 0.4845 0.00
380475 4000 2.69e+004 2.46e+004 2.31e+003 0.91 1.73e-009 6.93e-008 0.4845 0.00

Block: 100
396497 2 3.93e+004 -1.14e+004 5.07e+004 -0.29 2.13e-004 2.13e-004 0.487 0.00
396499 2 2.59¢+004 1,95e+004 6.36e+003 0.75 7.25e-007 7.25e-007 0.487 0.00
396500 1 2.59e+004 -5.69e+003 3.15e+004 -0.22 8.44e-005 8.44e-005 0.4871 0.00
400500 4000 2.70e+004 2.47e+004 2.31e+003 0.91 1.76e-009 7.04e-008 0.4871 0.00

Block: 105
416522 2 3.94e+004 -1.14e+004 5.08e+004 -0.29 2.13e-004 2.13e-004 0.4896 0.00
416524 2 2.59e+004 1.95e+004 6.38e+003 0.75 7.36e-007 7.36e-007 0.4896 0.00
416525 12.59e+004 -5.70e+003 3.16e+004 -0.22 8.47e-005 8.47e-005 0.4897 0.00
420525 4000 2.71e+004 2.48e+004 2.32e+003 0.91 1.79e-009 7.14e-008 0.4897 0.00

Block: 110
436547 2 3.95e+004 -1.14e+004 5.09e+004 -0.29 2.14e-004 2.14e-004 0.4922 0.00
436549 2 2.60e+004 1.96e+004 6.39e+003 0.75 7.47e-007 7.47e-007 0.4922 0.00
436550 1 2.60e+004 -5.71e+003 3.17e+004 -0.22 8.51e-005 8.51e-005 0.4923 0.00
440550 4000 2.71e+004 2.48e+004 2.32e+003 0.91 1.81e-009 7.24e-008 0.4523 0.00

Block: 115
456572 2 3.95e+004 -1.14e+004 5.10e+004 -0.29 2.15e-004 2.15e-004 0.4948 0.00
456574 2 2.60e+004 1.96e+004 6.41e+003 0.75 7.57e-007 7.57e-007 0.4948 0.00
456575 1 2.60e+004 -5.72e+003 3.18e+004 -0.22 B8.55e-005 8.55e-005 0.4949 0.00
460575 4000 2.72e+004 2.49e+004 2.33e+003 0.91 1.84e-009 7.34e-008 0.4949 0.00

Block: 120
476597 2 3.96e+004 -1.15e+004 5.11e+004 -0.29 2.16e-004 2.16e-004 0.4974 0.00
476599 2 2.61e+004 1.97e+004 6.42e+003 0.75 7.67e-007 7.67e-007 0.4974 0.00
476600 1 2.61e+004 -5.73e+003 3.18e+004 -0.22 8.58e-005 8.58e-005 0.4975 0.00
480600 4000 2.73e+004 2.49e+004 2.33e+003 0.91 1.86e-009 7.44e-008 0.4975 0.00

Block: 125
496622 2 3.97e+004 -1.15e+004 5.12e+004 -0.29 2.17e-004 2.17e-004 0.5001 0.00

496624 2 2.62e+004 1.97e+004 6.44e+003 0.75 7.78e-007 7.78e-007 0.5001 0.00
496625 1 2.62e+004 -5.73e+003 3.19e+004 -0.22 8.62e-005 8.62e-005 0.5001 0.00
500625 4000 2.73e+004 2.50e+004 2.34e+003 0.91 1.89e-009 7.55e-008 0.5002 0.00

Block: 130
516647 2 3.98e+004 -1.15e+004 5.13e+004 -0.29 2.17e-004 2.17e-004 0.5027 0.00

516649 2 2.62e+004 1.98e+004 6.45e+003 0.75 7.89e-007 7.89e-007 0.5027 0.00
516650 1 2.62e+004 -5.74e+003 3.20e+004 -0.22 8.65e-005 8.65e-005 0.5028 0.00
520650 4000 2.74e+004 2.50e+004 2.35e+003 0.91 1.91e-009 7.65e-008 0.5028 0.00

Block: 135
536672 2 3.99e+004 -1.15e+004 5.14e+004 -0.29 2.18e-004 2.18e-004 0.5053 0.00

536674 2 2.63e+004 1.98e+004 6.47e+003 0.75 8.00e-007 8.00e-007 0.5053 0.00
536675 1 2.63e+004 -5.75e+003 3.20e+004 -0.22 8.69e-005 8.69e-005 0.5054 0.00
540675 4000 2.75e+004 2.51e+004 2.35e+003 0.91 1.94e-009 7.76e-008 0.5054 0.00

Block: 140
556697 2 3.99e+004 -1.15e+004 5.15e+004 -0.29 2.19e-004 2.19e-004 0.508 0.00
556699 2 2.63e+004 1.99e+004 6.48e+003 0.75 8.11e-007 8.11e-007 0.508 0.00
556700 1 2.63e+004 -5.76e+003 3.21e+004 -0.22 8.73e-005 8.73e-005 0.5081 0.00
560700 4000 2.75e+004 2.52e+004 2.36e+003 0.91 1.97e-009 7.87e-008 0.5081 0.00
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Block: 145
576722
576724
576725
580725

Block: 150
596747
596749
596750
600750

Block: 155
616772
616774
616775
620775

Block: 160
636797
636799
636800
640800

Block: 165
656822
656824
656825
660825

Block: 170
676847
676849
676850
680850

" Block: 175
696872
696874
696875
700875

Block: 180
716897
716899
716900
720900

Block: 185
736922
736924
736925
740925

Block: 190
756947
756949

2 4.00e+004 -1.15e+004 5.16e+004 -0.29 2.20e-004 2.20e-004 0.5107 0.00

2 2.64e+004 1.99e+004 6.50e+003 0.75 8.22e-007 8.22e-007 0.5107 0.00

1 2.64e+004 -5.77e+003 3.22e+004 -0.22 8.76e-005 8.76e-005 0.5108 0.00
4000 2.76e+004 2.52e+004 2.36e+003 0.91 1.99e-009 7.98e-008 0.5108 0.00

24.01e+004 -1.16e+004 5.17e+004 -0.29 2.21e-004 2.21e-004 0.5134 0.00

2 2.65e+004 2.00e+004 6.51e+003 0.75 8.33e-007 8.33e-007 0.5134 0.00

1 2.65e+004 -5.78e+003 3.22e+004 -0.22 8.80e-005 8.80e-005 0.5134 0.00
4000 2.76e+004 2.53e+004 2.37e+003 0.91 2.02e-009 8.09e-008 0.5135 0.00

24.02e+004 -1.16e+004 5.18e+004 -0.29 2.22e-004 2.22e-004 0.516 0.00

2 2.65e+004 2.00e+004 6.53e+003 0.75 8.45e-007 8.45e-007 0.516 0.00

1 2.65e+004 -5.78e+003 3.23e+004 -0.22 8.84e-005 8.84e-005 0.5161 0.00
4000 2.77e+004 2.53e+004 2.37e+003 0.91 2.05e-009 8.20e-008 0.5161 0.00

2 4.03e+004 -1.16e+004 5.19e+004 -0.29 2.22e-004 2.22e-004 0.5187 0.00

2 2.66e+004 2.00e+004 6.54e+003 0.75 8.57e-007 8.57e-007 0.5187 0.00

1 2.66e+004 -5.79e+003 3.24e+004 -0.22 8.88e-005 8.88e-005 0.5188 0.00
4000 2.78e+004 2.54e+004 2.38e+003 0.91 2.08e-009 8.31e-008 0.5188 0.00

24.03e+004 -1.16e+004 5.20e+004 -0.29 2.23e-004 2.23e-004 0.5215 0.00

2 2.66e+004 2.01e+004 6.56e+003 0.75 8.69e-007 8.69e-007 0.5215 0.00

1 2.66e+004 -5.80e+003 3.25e+004 -0.22 8.91e-005 8.91e-005 0.5216 0.00
4000 2.78e+004 2.55e+004 2.38e+003 0.91 2.11e-009 8.43e-008 0.5216 0.00

2 4.04e+004 -1.16e+004 5.21e+004 -0.29 2.24e-004 2.24e-004 0.5242 0.00

2 2.67e+004 2.01e+004 6.57e+003 0.75 8.81e-007 8.81e-007 0.5242 0.00

12.67e+004 -5.81e+003 3.25e+004 -0.22 8.95e-005 8.95e-005 0.5243 0.00
4000 2.79e+004 2.55e+004 2.39e+003 0.91 2.14e-009 8.55e-008 0.5243 0.00

2 4.05e+004 -1.16e+004 5.22e+004 -0.29 2.25¢-004 2.25e-004 0.5269 0.00

2 2.68e+004 2.02e+004 6.59e+003 0.75 8.93e-007 8.93e-007 0.5269 0.00

1 2.68e+004 -5.82e+003 3.26e+004 -0.22 8.99e-005 8.99e-005 0.527 0.00
4000 2.80e+004 2.56e+004 2.39e+003 0.91 2.17e-009 8.67e-008 0.527 0.00

2 4.06e+004 -1.17e+004 5.23e+004 -0.29 2.26e-004 2.26e-004 0.5297 0.00

2 2.68e+004 2.02e+004 6.60e+003 0.75 9.06e-007 9.06e-007 0.5297 0.00

1 2.68e+004 -5.83e+003 3.27e+004 -0.22 9.03e-005 9.03e-005 0.5297 0.00
4000 2.80e+004 2.56e+004 2.40e+003 0.91 2.20e-009 8.79e-008 0.5298 0.00

24.07e+004 -1.17e+004 5.24e+004 -0.29 2.27e-004 2.27e-004 0.5324 0.00

2 2.69e+004 2.03e+004 6.62e+003 0.75 9.18e-007 9.18e-007 0.5324 0.00

1 2.69e+004 -5.84e+003 3.27e+004 -0.22 9.07e-005 9.07e-005 0.5325 0.00
4000 2.81e+004 2.57e+004 2.41e+003 0.91 2.23e-009 8.91e-008 0.5325 0.00

24.08e+004 -1.17e+004 5.25e+004 -0.29 2.27e-004 2.27e-004 0.5352 0.00
2 2.70e+004 2.03e+004 6.64e+003 0.75 9.31e-007 9.31e-007 0.5352 0.00
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756950 1 2.70e+004 -5.84e+003 3.28e+004 -0.22 9.11e-005 9.11e-005 0.5353 0.00
760950 4000 2.82e+004 2.58e+004 2.41e+003 0.91 2.26e-009 9.04e-008 0.5353 0.00

Block: 195
776972 2 4.09e+004 -1.17e+004 5.26e+004 -0.29 2.28e-004 2.28e-004 0.538 0.00
776974 2 2.70e+004 2.04e+004 6.65e+003 0.75 9.45e-007 9.45¢-007 0.538 0.00
776975 1 2.70e+004 -5.85e+003 3.29e+004 -0.22 9.15e-005 9.15e-005 0.5381 0.00
780975 4000 2.82e+004 2.58e+004 2.42e+003 0.91 2.29e-009 9.17e-008 0.5381 0.00

Block: 200
796997 2 4.09¢+004 -1.17e+004 5.27e+004 -0.29 2.29e-004 2.29e-004 0.5408 0.00
796999 2 2.71e+004 2.04e+004 6.67e+003 0.75 9.58e-007 9.58e-007 0.5408 0.00
797000 12.71e+004 -5.86e+003 3.30e+004 -0.22 9.19e-005 9.19e-005 0.5409 0.00
801000 4000 2.83e+004 2.59e+004 2.42e+003 0.91 2.32e-009 9.30e-008 0.5409 0.00

Block: 205
817022 2 4.10e+004 -1.17e+004 5.28e+004 -0.29 2.30e-004 2.30e-004 0.5436 0.00

817024 2 2.72e+004 2.05e+004 6.68e+003 0.75 9.72e-007 9.72e-007 0.5436 0.00
817025 1 2.72e+004 -5.87e+003 3.30e+004 -0.22 9.23e-005 9.23e-005 0.5437 0.00
821025 4000 2.84e+004 2.59e+004 2.43e+003 0.91 2.36e-009 9.43e-008 0.5437 0.00

Block: 210
837047 24.11e+004 -1.18e+004 5.29e+004 -0.29 2.31e-004 2.31e-004 0.5465 0.00
837049 2 2.72e+004 2.05e+004 6.70e+003 0.75 9.86e-007 9.86e-007 0.5465 0.00
837050 1 2.72e+004 -5.88e+003 3.31e+004 -0.22 9.27e-005 9.27e-005 0.5466 0.00

841050 4000 2.84e+004 2.60e+004 2.44e+003 0.91 2.39e-009 9.57e-008 0.5466 0.00 -

Block: 215
857072 2 4.12e+004 -1.18e+004 5.30e+004 -0.29 2.32e-004 2.32e-004 0.5493 0.00
857074 2 2.73e+004 2.06e+004 6.72e+003 0.75 1.00e-006 1.00e-006 0.5493 0.00
857075 1 2.73e+004 -5.89e+003 3.32e+004 -0.22 9.31e-005 9.31e-005 0.5494 0.00
861075 4000 2.85e+004 2.61e+004 2.44e+003 0.91 2.43e-009 9.70e-008 0.5494 0.00

Block: 220
877097 2 4.13e+004 -1.18e+004 5.31e+004 -0.29 2.33e-004 2.33e-004 0.5522 0.00

877099 2 2.74e+004 2.06e+004 6.73e+003 0.75 1.01e-006 1.01e-006 0.5522 0.00
877100 1 2.74e+004 -5.90e+003 3.33e+004 -0.22 9.35e-005 9.35e-005 0.5523 0.00
881100 4000 2.86e+004 2.61e+004 2.45e+003 0.91 2.46e-009 9.84e-008 0.5523 0.00

Block: 225
897122 2 4.14e+004 -1.18e+004 5.32e+004 -0.29 2.34e-004 2.34e-004 0.5551 0.00

897124 2 2.74e+004 2.07e+004 6.75e+003 0.75 1.03e-006 1.03e-006 0.5551 0.00
897125 1 2.74e+004 -5.91e+003 3.33e+004 -0.22 9.39e-005 9.39e-005 0.5551 0.00
901125 4000 2.86e+004 2.62e+004 2.45e+003 0.91 2.50e-009 9.99¢-008 0.5552 0.00

Block: 230
917147 2 4.15e+004 -1.18e+004 5.33e+004 -0.29 2.35e-004 2.35e-004 0.5579 0.00

917149 2 2.75e+004 2.07e+004 6.76e+003 0.75 1.04e-006 1.04e-006 0.5579 0.00
917150 1 2.75e+004 -5.92e+003 3.34e+004 -0.22 9.43e-005 9.43e-005 0.558 0.00
921150 4000 2.87e+004 2.63e+004 2.46e+003 0.91 2.53e-009 1.01e-007 0.558 0.00

Block: 235
937172 2 4.16e+004 -1.18e+004 5.34e+004 -0.29 2.35e-004 2.35e-004 0.5608 0.00

937174 2 2.75e+004 2.08e+004 6.78e+003 0.75 1.06e-006 1.06e-006 0.5608 0.00
937175 1 2.75e+004 -5.92e+003 3.35e+004 -0.22 9.47e-005 9.47e-005 0.5609 0.00
941175 4000 2.88e+004 2.63e+004 2.46e+003 0.91 2.57e-009 1.03e-007 0.5609 0.00

Block: 240
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957197 2 4.16e+004 -1.19e+004 5.35e+004 -0.28 2.36e-004 2.36e-004 0.5637 0.00
957199 22.76e+004 2.08e+004 6.79e+003 0.75 1.07e-006 1.07e-006 0.5637 0.00

957200 12.76e+004 -5.93e+003 3.35e+004 -0.21 9.51e-005 9.51e-005 0.5638 0.00
961200 4000 2.88e+004 2.64e+004 2.47e+003 0.91 2.60e-009 1.04e-007 0.5638 0.00

Biock: 245
977222 24.17e+004 -1.19e+004 5.36e+004 -0.28 2.37e-004 2.37e-004 0.5666 0.00
977224 22.77e+004 2.09e+004 6.81e+003 0.75 1.09e-006 1.09e-006 0.5666 0.00
977225 1 2.77e+004 -5.94e+003 3.36e+004 -0.21 9.55e-005 9.55e-005 0.5667 0.00
981225 4000 2.89e+004 2.64e+004 2.48e+003 0.91 2.64e-009 1.05e-007 0.5668 0.00

Block: 250
997247 2 4.18e+004 -1.19e+004 5.37e+004 -0.28 2.38e-004 2.38e-004 0.5696 0.00
997249 2 2.77e+004 2.09e+004 6.82e+003 0.75 1.10e-006 1.10e-006 0.5696 0.00
997250 1 2.77e+004 -5.95e+003 3.37e+004 -0.21 9.59e-005 9.59e-005 0.5697 0.00
1001250 4000 2.90e+004 2.65e+004 2.48e+003 0.91 2.67e-009 1.07e-007 0.5697 0.00

End of pc-CRACK Output
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tm
pc-CRACK tor wWinaows
Version 3.1-98348
(C) Copyright '84 - '98
Structural Integrity Associates, Inc.
3315 Almaden Expressway, Suite 24
© San Jose, CA 95118-1557
Voice: 408-978-8200
Fax: 408-978-8964
E-mail: pccrack@structint.com

Linear Elastic Fracture Mechanics
Date: Fri Oct 27 14:56:36 2000
Input Data and Results File: LONG.LFM
Title: WSES 100 percent Surface Crack
Load Cases:
Case ID: 2235 Psig --- Stress Distribution

Depth  Stress

0.0000 22872.0000
0.2356 21611.0000
0.4712 20249.0000
0.7068 19006.0000
0.9424 18501.0000
1.1780 18102.0000
1.4136 17736.0000
1.6492 17397.0000
1.8848 17086.0000
2.1204 16811.0000
2.3560 16538.0000
2.5916 16335.0000
2.8272 16137.0000
3.0628 15978.0000
3.2984 15792.0000
3.5340 15656.0000
3.7686 15562.0000
4.0052 15478.0000
4.2408 15395.0000
4.4764 15464.0000
4.7120 15256.0000

Case ID: Heatup --- Stress Distribution

Depth Stress

0.0000 -14736.0000
0.2356 -11079.0000
0.4712 -7709.0000
0.7068 -5991.7002
0.9424 -4634.6001
1.1780 -3404.8000
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1.4136 -2278.7000
1.6492 -1251.9000
1.8848 -320.3700
2.1204 520.4200
2.3560 1274.3000
2.5816 1944.3000
2.8272 2529:6001
3.0628 3061.6001
3.2984 3479.6001
3.5340 3833.5000
3.7696 4118.2002
4.0052 4328.7998
4.2408 4463.2998
4.4764 4574.2002
4.7120 4502.7002

Case 1D: Coodown --- Stress Distribution

Depth Stress

0.0000 15020.0000
0.2356 11245.0000
0.4712 7718.0000
0.7068 5895.1001
0.9424 4543.2998
1.1780 3329.2000
1.4136 2218.1001
1.6492 1205.1000
1.8848 286.1400
2.1204 -543.6100
2.3560 -1287.7000
2.5916 -1949.6000
2.8272 -2528.3999
3.0628 -3052.3000
3.2984 -3468.8000
3.5340 -3822.6001
3.7696 -4108.1001
4.0052 -4319.6001
4.2408 -4454.8999
4.4764 -4563.6001
4.7120 -4495.2002

Case ID: Reactor Trip --- Stress Distribution

Depth  Stress

0.0000 13529.0000
0.2356 9909.4004
0.4712 6341.5000
0.7068 4318.8999
0.9424 3025.8999
1.1780 1940.4000
1.4136 1004.8000
1.6492 210.0800
1.8848 -455.8800
2.1204 -1007.1000
2.3560 -1456.4000
2.5916 -1818.7000
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2.8272 -2106.1001
3.0628 -2341.0000
3.2984 -2510.8999
3.5340 -2644.8000
3.7696 -2748.7000
4.0052 -2824.8000
4.2408 -2876.8999
4.4764 -2934.1001
4.7120 -2916.1001

Case 1D: 2235 Crack Pressure --- Stress Distribution

Depth  Stress

0.0000 2235.0000
0.2000 2235.0000
0.6000 2235.0000
0.8000 2235.0000
1.0000 2235.0000
1.2000 2235.0000
1.4000 2235.0000
1.6000 2235.0000
1.6001  0.0000
1.8000  0.0000
2.0000  0.0000
2.2000  0.0000
2.4000  0.0000
2.6000  0.0000
2.8000  0.0000
3.0000 0.0000

Stress Coefficients
Case ID co C1 C2 C3 Type
2235 Psig 22583.8 -5253.75 1447.81 -142.193 StressDist
Heatup -13689.3 11671.3 -2772.62 240.928 StressDist
_Coodown 139116 -12107.7 2965.32 -264.652 StressDist
Reactor Trip 12593.1 -12961.7 3792.8 -374.081 StressDist

2235 Crack Pres 2018.21 2399.61 -2B839.93  610.534 StressDist

Crack Model: Circumferential Crack in Cylinder (t/R=0.1)
Crack Parameters:

Wall thickness: 4.3125
Max. crack size:  3.4500

----————--—=--——-Gtress Intensity Factor--------—--—---—--

Crack Case Case Case Case Case
Size 2235 Psig Heatup  Coodown Reactor Tr 2235 Crack

0.0690 115549 -6829.18 6935.08 6237.28
0.1380 162659 -9368.95 9507.39 8494.7
0.2070 198334 -11127.8 11284  10014.9
0.2760  22804.3 -12456.8  12622.5 11127

1089.14
1605.07
2035.59
2420.46
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0.3450 25392.1  -13497.1  13666.7 11964.6  2773.02
0.4140 7706.9  -14323.7  14493.1 12599.3  3099.04
0.4830  29979.6 -15067.4 152344 13149.7 3420.2
0.5520 32167.2 -15709.4  15871.9 13601.3  3729.14
0.6210 34245.7 -16242.6  16398.5 139495  4020.65
0.6900  36234.6 -16681.4  16829.1 14208.8  4294.87
0.75%0 38148.9 -17037.3 171754  14390.8  4551.83
0.8280 40000 -17319.2 174465  14504.3 4791.5
0.8970  41913.2 -17587.6  17703.7 14602.6  5026.73
0.9660  43907.3 -17849.8  17954.4  14692.2  5258.46
1.0350  45875.1 -18057.8  18150.2 14732.8  5473.82
1.1040  47820.6 -18215.1  18294.8 147284  5672.49
1.1730  49747.5 -18325.1  18391.5 14682.6  5854.24
1.2420 51658.7 -18390.4 184433 145984  6018.91
1.3110 53684 -18479.4  18519.4  14537.6 6178.4
1.3800  56095.6 -18731.3  18761.2 14625.2  6357.64
1.4490  58522.1 -18954.1  18973.7 14689.9  6521.18
1.5180  60964.5 -19148.8  19158.5 14733.6  6669.04
1.5870  63423.3 -19316.9  19316.7 14757.8 6801.37
1.6560  65899.2 -19459.4  19449.7 14764.2  6918.43
1.7250  68392.8 -19577.4  19558.6  14754.3  7020.64
1.7940  71058.5 -19727.1 19693.4 14770.3  7135.06
1.8630 737469 -19852.4  19816.1 14769.6  7237.65
1.9320 764579 -19953.9  19909.4 14753.4  7329.25
2.0010 79191.7 -20032.2 19979.8 147224  7410.82
2.0700  81948.4 -20087.8  20028.1 14677.7  7483.46
2.1390  84728.1 -20121.5 200549 146199  7548.42
2.2080  87699.9 -20143.9,.20069.4 14543.7 7633.34
22770 90754.3 -20142.2 20059.6 14446.9  7723.05
2.3460  93835.1 -20112.2 20021.8 14331.1  7810.68
2.4150 96942 -20054.2  19956.4 14196.8  7898.15
2.4840 100075 -19968.5 19863.6  14044.3  7987.56
2.5530 103233  -19855.3 197436  13874.2  8081.21
2.6220 106609 -19878.2  19764.5  13853.1 8174.24
2.6910 110214 -20050  19939.7  13995.5  8267.22
2.7600 113857  -20212.1  20106.2  14139.9  8369.65
2.8290 117538 -20364.9 20264.3 142869 8484.58
2.8980 121258 -20508.8 204143  14436.7 8615.32
2.9670 125016 -20644  20556.7 14589.8  8765.38
3.0360 128852 -20664  20581.6  14633.1  8938.94
3.1050 132847 -20337  20250.5 14323.8 9136.75
3.1740 136874 -19973  19882.8  13992.4  9359.18
3.2430 140935 -19572.4  19479.1 13639.1  9610.65
3.3120 145028 -19135.6  19039.6  13264.6  9895.86
3.3810 149152  -18662.8  18564.6 12869  10219.8
3.4500 153308 -18154.4 18054.4  12452.6  10587.9

Crack Growth Laws:

Law ID: LAS
Model: ASME Section X1 - ferritic steel in water environment

da/dN = CL * SL * dK~5.95 for dK < dKtran
da/dN = CU * SU * dK~1.95 for dK >= dKtran
where
dK = Kmax - Kmin
R = Kmin / Kmax
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for R <= 0.25:

St =1.0 ) SU =10 dKtran = 17.74
for 0.25 < R <= 0.65:

SL=269*R-5725 SU=375*R+0.06

dKtran = 17.74*{(3.75 * R + 0.06)/(26.9 * R - 5.725)}"0.25
for 0.65 < R:

SL=11.76 - SU = 2.5 dKtran = 12.04

where:
CL = 1.4408e-030
CU = 1.4267e-013
are for the selected units of:
force: |Ib
length: inch

Material Fracture Toughness Klc:
Material ID: LAS

Depth K¢

0.0000 63245.0000
4.0000 63245.0000

Initial crack size=  0.4375

Max. crack size= 3.4500
Number of blocks= 250
Print increment of block= 5

Cycles Calc. Print Crk. Grw. Mat.

Subblock /Time incre. incre. Law Kilc
HUCD+Trip 2 1 5 LAS LAS
Normal and Trip 2 1 5 LAS LAS
Leak Test 1 1 5 LAS LAS
Variations 4000 40 4000 LAS LAS
Kmax Kmin
Subblock Case ID Scale Factor Case ID Scale Factor
HUCD+Trip 2235 Psig  1.1342 2235 Psig  0.0000
Reactor Trip  1.0000 Heatup  1.0000

2235 Crack Pressure  1.1342
Normal and Trip 2235 Psig  1.0000 2235 Psig  0.7539
2235 Crack Pressure  1.0000 2235 Crack Pressure  0.7539

Leak Test 2235 Psig  1.0000 2235 Psig  0.0000
2235 Crack Pressure  1.0000 Heatup  0.5000
Variations 2235 Psig  1.0447 2235 Psig  0.9545

2235 Crack Pressure  1.0447 2235 Crack Pressure  0.9545

Crack growth results:
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Total Subblock
Cycles Cycles DaDn
[Time /Time Kmax Kmin Deltak R /DaDt Da a a/thk

Block: S
] 16022
i 16024
16025
20025

Block: 10
36047
36049
36050
40050

Block: 15
56072
56074
56075
60075

Block: 20
76097
76099
76100
80100

Block: 25
96122
96124
96125
100125

Block: 30
116147
116149
116150
120150

Block: 35
136172
136174
136175
140175

Block: 40
156197
156199
156200
160200

Block: 45
176222
176224
176225
180225

2 4.89e+004 -1.46e+004 6.35e+004 -0.30 3.30e-004 3.30e-004 0.4414 0.10

2 3.18e+004 2.40e+004 7.84e+003 0.75 2.50e-006 2.50e-006 0.4414 0.10

1 3.18e+004 -7.31e+003 3.91e+004 -0.23 1.29e-004 1.29e-004 0.4416 0.10
4000 3.33e+004 3.04e+004 2.87e+003 0.91 6.39e-009 2.56e-007 0.4416 0.10

24.91e+004 -1.47e+004 6.38e+C04 -0.30 3.33e-004 3.33e-004 0.4455 0.10

2 3.20e+004 2.41e+004 7.87e+003 0.75 2.58e-006 2.58e-006 0.4456 0.10

1 3.20e+004 -7.33e+003 3.93e+004 -0.23 1.30e-004 1.30e-004 0.4457 0.10
4000 3.34e+004 3.05e+004 2.89e+003 0.91 6.58e-009 2.63e-007 0.4457 0.10

2 4.93e+004 -1.47e+004 6.40e+004 -0.30 3.36e-004 3.36e-004 0.4497 0.10

2 3.21e+004 2.42e+004 7.91e+003 0.75 2.65e-006 2.65e-006 0.4497 0.10

1 3.21e+004 -7.35e+003 3.95e+004 -0.23 1.31e-004 1.31e-004 0.4498 0.10
4000 3.36e+004 3.07e+004 2.90e+003 0.91 6.78e-009 2.71e-007 0.4499 0.10

2 4.95e+004 -1.47e+004 6.43e+004 -0.30 3.38e-004 3.38e-004 0.4539 0.11

2 3.23e+004 2.44e+004 7.95e+003 0.75 2.73e-006 2.73e-006 0.4539 0.11

1 3.23e+004 -7.38e+003 3.97e+004 -0.23 1.32e-004 1.32e-004 0.454 0.11
4000 3.38e+004 3.08e+004 2.91e+003 0.91 6.98e-009 2.79e-007 0.4541 0.11

2 4.98e+004 -1.48e+004 6.46e+004 -0.30 3.41e-004 3.41e-004 0.4581 0.11

2 3.25e+004 2.45e+004 7.99e+003 0.75 2.81e-006 2.81e-006 0.4581 0.11

1 3.25e+004 -7.40e+003 3.99e+004 -0.23 1.33e-004 1.33e-004 0.4583 0.11
4000 3.39e+004 3.10e+004 2.93e+003 0.91 7.18e-009 2.87e-007 0.4583 0.11

2 5.00e+004 -1.48e+004 6.48e+004 -0.30 3.44e-004 3.44e-004 0.4624 0.11

2 3.26e+004 2.46e+004 8.03e+003 0.75 2.90e-006 2.90e-006 0.4624 0.11

1 3.26e+004 -7.42e+003 4.00e+004 -0.23 1.34e-004 1.34e-004 0.4625 0.11
4000 3.41e+004 3.11e+004 2.94e+003 0.91 7.40e-009 2.96e-007 0.4626 0.11

2 5.02e+004 -1.49e+004 6.51e+004 -0.30 3.46e-004 3.46e-004 0.4667 0.11

2 3.28e+004 2.47e+004 8.07e+003 0.75 2.98e-006 2.98e-006 0.4667 0.11

1 3.28e+004 -7.45e+003 4.02e+004 -0.23 1.36e-004 1.36e-004 0.4668 0.11
4000 3.43e+004 3.13e+004 2.96e+003 0.91 7.62e-009 3.05e-007 0.4669 0.11

2 5.04e+004 -1.49e+004 6.53e+004 -0.30 3.49e-004 3.49¢-004 0.471 0.11

2 3.29e+004 2.48e+004 8.11e+003 0.75 3.07e-006 3.07e-006 0.471 0.11

1 3.29e+004 -7.47e+003 4.04e+004 -0.23 1.37e-004 1.37e-004 0.4712 0.11
4000 3.44e+004 3.15e+004 2.97e+003 0.91 7.85e-009 3.14e-007 0.4712 0.11

2 5.06e+004 -1.50e+004 6.56e+004 -0.30 3.52e-004 3.52e-004 0.4754 0.11

2 3.31e+004 2.50e+004 8.15e+003 0.75 3.16e-006 3.16e-006 0.4754 0.11

1 3.31e+004 -7.49e+003 4.06e+004 -0.23 1.38e-004 1.38e-004 0.4756 0.11
4000 3.46e+004 3.16e+004 2.99e+003 0.91 8.08e-009 3.23e-007 0.4756 0.11
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Block: 50

196247
196249
196250
200250

Block: 55

216272
216274
216275
220275

Block: 60

236297
236299
236300
240300

Block: 65

256322
256324
256325
260325

Block: 70

276347
276349
276350
280350

Block: 75

296372
296374
296375
300375

Block: 80

316397
316399
316400
320400

Block: 85

336422
336424
336425
340425

Block: 90

356447
356449
356450
360450

Block: 95

376472
376474

2 5.09e+004 -1.50e+004 6.59e+004 -0.30 3.55¢-004 3.55e-004 0.4798 0.11

2 3.33e+004 2.51e+004 8.19e+003 0.75 3.26e-006 3.26e-006 0.4798 0.11

1 3.33e+004 -7.52e+003 4.08e+004 -0.23 1.39e-004 1.39e-004 0.48 0.11
4000 3.48e+004 3.18e+004 3.00e+003 0.91 8.33e-009 3.33e-007 0.48 0.11

2 5.11e+004 -1.51e+004 6.62e+004 -0.30 3.58e-004 3.58e-004 0.4843 0.11

2 3.34e+004 2.52e+004 8.23e+003 0.75 3.36e-006 3.36e-006 0.4843 0.11

1 3.34e+004 -7.54e+003 4.10e+004 -0.23 1.41e-004 1.41e-004 0.4844 0.11
4000 3.49e+004 3.19e+004 3.02e+003 0.91 8.58e-009 3.43e-007 0.4845 0.11

2 5.13e+004 -1.51e+004 6.64e+004 -0.29 3.60e-004 3.60e-004 0.4888 0.11

2 3.36e+004 2.53e+004 8.27e+003 0.75 3.46e-006 3.46e-006 0.4888 0.11

1 3.36e+004 -7.56e+003 4.12e+004 -0.22 1.42e-004 1.42e-004 0.489 0.11
4000 3.51e+004 3.21e+004 3.03e+003 0.91 8.83e-009 3.53e-007 0.489 0.11

2 5.15e+004 -1.52e+004 6.67e+004 -0.29 3.63e-004 3.63e-004 0.4933 0.11

2 3.38e+004 2.55e+004 8.31e+003 0.75 3.56e-006 3.56e-006 0.4934 0.11

1 3.38e+004 -7.58e+003 4.14e+004 -0.22 1.43e-004 1.43e-004 0.4935 0.11
4000 3.53e+004 3.22e+004 3.05e+003 0.91 9.09e-009 3.64e-007 0.4935 0.11

2 5.17e+004 -1.52e+004 6.65e+004 -0.29 3.66e-004 3.66e-004 0.4979 0.12

2 3.39e+004 2.56e+004 8.35e+003 0.75 3.66e-006 3.66e-006 0.4979 0.12

1 3.3%9e+004 -7.60e+003 4.15e+004 -0.22 1.44e-004 1.44e-004 0.4981 0.12
4000 3.55e+004 3.24e+004 3.06e+003 0.91 9.36e-009 3.74e-007 0.4981 0.12

2 5.19e+004 -1.52e+004 6.72e+004 -0.29 3.69e-004 3.69e-004 0.5025 0.12

2 3.41e+004 2.57e+004 8.39e+003 0.75 3.77e-006 3.77e-006 0.5026 0.12

1 3.41e+004 -7.62e+003 4.17e+004 -0.22 1.46e-004 1.46e-004 0.5027 0.12
4000 3.56e+004 3.26e+004 3.08e+003 0.91 9.63e-009 3.85e-007 0.5027 0.12

2 5.22e+004 -1.53e+004 6.75e+004 -0.29 3.71e-004 3.71e-004 0.5072 0.12

2 3.43e+004 2.58e+004 8.44e+003 0.75 3.88e-006 3.88e-006 0.5072 0.12

1 3.43e+004 -7.65e+003 4.19e+004 -0.22 1.47e-004 1.47e-004 0.5074 0.12
4000 3.58e+004 3.27e+004 3.09e+003 0.91 9.92e-009 3.97e-007 0.5074 0.12

2 5.24e+004 -1.53e+004 6.77e+004 -0.29 3.74e-004 3.74e-004 0.5119 0.12

2 3.44e+004 2.60e+004 8.48e+003 0.75 4.00e-006 4.00e-006 0.5119 0.12

1 3.44e+004 -7.67e+003 4.21e+004 -0.22 1.48e-004 1.48e-004 0.5121 0.12
4000 3.60e+004 3.29e+004 3.11e+003 0.91 1.02e-008 4.09e-007 0.5121 0.12

2 5.26e+004 -1.54e+004 6.80e+004 -0.29 3.77e-004 3.77e-004 0.5167 0.12

2 3.46e+004 2.61e+004 8.52e+003 0.75 4.12e-006 4.12e-006 0.5167 0.12

1 3.46e+004 -7.69e+003 4.23e+004 -0.22 1.50e-004 1.50e-004 0.5168 0.12
4000 3.62e+004 3.31e+004 3.12e+003 0.91 1.05e-008 4.21e-007 0.5169 0.12

2 5.28e+004 -1.54e+004 6.83e+004 -0.29 3.80e-004 3.80e-004 0.5215 0.12
2 3.48e+004 2.62e+004 8.56e+003 0.75 4.25e-006 4.25e-006 0.5215 0.12
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376475 1 3.48e+004 -7.71e+003 4.25e+004 -0.22 1.51e-004 1.51e-004 0.5216 0.12
380475 4000 3.64e+004 3.32e+004 3.14e+003 0.91 1.08e-008 4.34e-007 0.5217 0.12

Block: 100
396497 2 5.31e+004 -1.55e+004 6.85e+004 -0.29 3.83e-004 3.83e-004 0.5263 0.12
396499 2 3.50e+004 2.64e+004 8.61e+003 0.75 4.37e-006 4.37e-006 0.5263 0.12
396500 1 3.50e+004 -7.74e+003 4.27e+004 -0.22 1.52e-004 1.52e-004 0.5265 0.12
400500 4000 3.65e+004 3.34e+004 3.16e+003 0.91 1.12e-008 4.47e-007 0.5265 0.12

Biock: 105
416522 2 5.33e+004 -1.55e+004 6.88e+004 -0.29 3.86e-004 3.86e-004 0.5312 0.12

416524 2 3.51e+004 2.65e+004 8.65e+003 0.75 4.51e-006 4.51e-006 0.5312 0.12
416525 1 3.51e+004 -7.76e+003 4.29e+004 -0.22 1.54e-004 1.54e-004 0.5314 0.12
420525 4000 3.67e+004 3.36e+004 3.17e+003 0.91 1.15e-008 4.61e-007 0.5314 0.12

Block: 110
436547 2 5.35e+004 -1.56e+004 6.91e+004 -0.29 3.89e-004 3.8%9e-004 0.5361 0.12
436549 2 3.53e+004 2.66e+004 8.69e+003 0.75 4.65e-006 4.65e-006 0.5361 0.12
436550 1 3.53e+004 -7.78e+003 4.31e+004 -0.22 1.55e-004 1.55e-004 0.5363 0.12
440550 4000 3.69e+004 3.37e+004 3.19e+003 0.91 1.19e-008 4.75e-007 0.5363 0.12

Block: 115
456572 2 5.38e+004 -1.56e+004 6.94e+004 -0.29 3.92e-004 3.92e-004 0.5411 0.13
456574 2 3.55e+004 2.68e+004 8.74e+003 0.75 4.79e-006 4.79e-006 0.5411 0.13
456575 1 3.55e+004 -7.80e+003 4.33e+004 -0.22 1.56e-004 1.56e-004 0.5413 0.13
460575 4000 3.71e+004 3.39e+004 3.20e+003 0.91 1.22e-008 4.89e-007 0.5413 0.13

Block: 120
476597 2 5.40e+004 -1.57e+004 6.97e+004 -0.29 3.96e-004 3.96e-004 0.5461 0.13
476599 2 3.57e+004 2.69e+004 8.78e+003 0.75 4.94e-006 4.94e-006 0.5461.0.13
476600 1 3.57e+004 -7.83e+003 4.35e+004 -0.22 1.58e-004 1.58e-004 0.5463 0.13
480600 © 4000 3.73e+004 3.41e+004 3.22e+003 0.91 1.26e-008 5.04e-007 0.5463 0.13

Block: 125
496622 2 5.43e+004 -1.57e+004 7.00e+004 -0.29 3.99e-004 3.99¢-004 0.5512 0.13
496624 2 3.59e+004 2.70e+004 8.83e+003 0.75 5.09e-006 5.09e-006 0.5512 0.13

. 496625 1 3.59e+004 -7.85e+003 4.37e+004 -0.22 1.59¢-004 1.59e-004 0.5514 0.13
500625 4000 3.75e+004 3.42e+004 3.24e+003 0.91 1.30e-008 5.20e-007 0.5514 0.13

Block: 130
516647 2 5.45e+004 -1.57e+004 7.02e+004 -0.29 4.02e-004 4.02e-004 0.5563 0.13

516649 2 3.60e+004 2.72e+004 8.87e+003 0.75 5.24e-006 5.24e-006 0.5563 0.13
516650 1 3.60e+004 -7.87e+003 4.39e+004 -0.22 1.61e-004 1.61e-004 0.5565 0.13
520650 4000 3.77e+004 3.44e+004 3.25e+003 0.91 1.34e-008 5.35e-007 0.5565 0.13

Block: 135
536672 2 5.47e+004 -1.58e+004 7.05e+004 -0.29 4.05e-004 4.05e-004 0.5615 0.13
536674 2 3.62e+004 2.73e+004 8.91e+003 0.75 5.40e-006 5.40e-006 0.5615 0.13
536675 1 3.62e+004 -7.89e+003 4.41e+004 -0.22 1.62e-004 1.62e-004 0.5616 0.13
540675 4000 3.79e+004 3.46e+004 3.27e+003 0.91 1.38e-008 5.51e-007 0.5617 0.13

Block: 140
556697 2 5.49e+004 -1.58e+004 7.08e+004 -0.29 4.08e-004 4.08e-004 0.5667 0.13
556699 2 3.64e+004 2.74e+004 8.96e+003 0.75 5.56e-006 5.56e-006 0.5667 0.13
556700 1 3.64e+004 -7.91e+003 4.43e+004 -0.22 1.64e-004 1.64e-004 0.5669 0.13
560700 4000 3.80e+004 3.48e+004 3.28e+003 0.91 1.42e-008 5.68e-007 0.5669 0.13

Block: 145
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576722 25.52e+004 -1.55e+004 7.10e+004 -0.29 4.11e-004 4.11e-004 0.5719 0.13
576724 2 3.66e+004 2.76e+004 9.00e+003 0.75 5.72e-006 5.72e-006 0.572 0.13

576725 1 3.66e+004 -7.93e-+003 4.45e+004 -0.22 1.65e-004 1.65e-004 0.5721 0.13
580725 4000 3.82e+004 3.49e+004 3.30e+003 0.91 1.46e-008 5.85e-007 0.5722 0.13

Block: 150
596747 2 5.54e+004 -1.59e+004 7.13e+004 -0.29 4.14e-004 4.14e-004 0.5773 0.13
596749 2 3.68e+004 2.77e+004 9.05e+003 0.75 5.89e-006 5.89e-006 0.5773 0.13
£86750 1 3.68e+004 -7.95e+003 4.47e+004 -0.22 1.67e-004 1.67e-004 0.5774 0.13
600750 4000 3.84e+004 3.51e+004 3.32e+003 0.91 1.51e-008 6.02e-007 0.5775 0.13

Block: 155
616772 2 5.56e+004 -1.55e+004 7.16e+004 -0.29 4.17e-004 4.17e-004 0.5826 0.14
616774 2 3.69e+004 2.79e+004 9.09e+003 0.75 6.07e-006 6.07e-006 0.5826 0.14
616775 1 3.68e+004 -7.97e+003 4.49e+004 -0.22 1.68e-004 1.68e-004 0.5828 0.14
620775 4000 3.86e+004 3.53e+004 3.33e+003 0.91 1.55e-008 6.20e-007 0.5828 0.14

Biock: 160
636797 2 5.59e+004 -1.60e+004 7.19e+004 -0.29 4.20e-004 4.20e-004 0.588 0.14

636799 2 3.71e+004 2.80e+004 9.14e+003 0.75 6.26e-006 6.26e-006 0.588 0.14
636800 1 3.71e+004 -7.99e+003 4.51e+004 -0.22 1.70e-004 1.70e-004 0.5882 0.14
640800 4000 3.88e+004 3.55e+004 3.35e+003 0.91 1.60e-008 6.39e-007 0.5883 0.14

Block: 165
656822 2 5.61e+004 -1.60e+004 7.21e+004 -0.29 4.23e-004 4.23e-004 0.5935 0.14 )
656824 2 3.73e+004 2.81e+004 9.18e+003 0.75 6.45e-006 6.45e-006 0.5935 0.14
656825 1 3.73e+004 -8.01e+003 4.53e+004 -0.21 1.71e-004 1.71e-004 0.5937 0.14
660825 4000 3.90e+004 3.56e+004 3.37e+003 0.91 1.65e-008 6.59e-007 0.5937 0.14

Block: 170
676847 2 5.64e+004 -1.61e+004 7.24e+004 -0.29 4.27e-004 4.27e-004 0.599 0.14
676849 2 3.75e+004 2.83e+004 9.23e+003 0.75 6.64e-006 6.64e-006 0.599 0.14
676850 1 3.75e+004 -8.04e+003 4.55e+004 -0.21 1.73e-004 1.73e-004 0.5992 0.14
680850 4000 3.92e+004 3.58e+004 3.38e+003 0.91 1.70e-008 6.79e-007 0.5992 0.14

Block: 175
696872 2 5.66e+004 -1.61e+004 7.27e+004 -0.28 4.30e-004 4.30e-004 0.6045 0.14
696874 2 3.77e+004 2.84e+004 9.28e+003 0.75 6.85e-006 6.85e-006 0.6046 0.14
696875 1 3.77e+004 -8.06e+003 4.58e+004 -0.21 1.74e-004 1.74e-004 0.6047 0.14
700875 4000 3.94e+004 3.60e+004 3.40e+003 0.91 1.75e-008 7.00e-007 0.6048 0.14

Block: 180
716897 2 5.69e+004 -1.62e+004 7.30e+004 -0.28 4.33e-004 4.33e-004 0.6102 0.14
716899 2 3.79e+004 2.86e+004 9.33e+003 0.75 7.06e-006 7.06e-006 0.6102 0.14
716900 1 3.79e+004 -8.08e+003 4.60e+004 -0.21 1.76e-004 1.76e-004 0.6104 0.14
720900 4000 3.96e+004 3.62e+004 3.42e+003 0.91 1.80e-008 7.21e-007 0.6104 0.14

Block: 185
736922 2 5.71e+004 -1.62e+004 7.33e+004 -0.28 4.37e-004 4.37e-004 0.6158 0.14
736924 2 3.81e+004 2.87e+004 9.37e+003 0.75 7.28e-006 7.28e-006 0.6158 0.14
736925 1 3.81e+004 -8.10e+003 4.62e+004 -0.21 1.77e-004 1.77e-004 0.616 0.14
740925 4000 3.98e+004 3.64e+004 3.44e+003 0.91 1.86e-008 7.44e-007 0.6161 0.14

Block: 190
756947 2 5.74e+004 -1.62e+004 7.36e+004 -0.28 4.40e-004 4.40e-004 0.6216 0.14

7565949 2 3.83e+004 2.89e+004 9.42e+003 0.75 7.50e-006 7.50e-006 0.6216 0.14
756950 1 3.83e+004 -8.12e+003 4.64e+004 -0.21 1.79e-004 1.79e-004 0.6218 0.14
760950 4000 4.00e+004 3.66e+004 3.45e+003 0.91 1.92e-008 7.67e-007 0.6218 0.14

File No. @ WSES-05Q-302 Page A2l of A23




Block: 195
776972
776974
776975
780975

Block: 200
796997
796999
797000
801000

Block: 205
817022
817024

. 817025
821025

Block: 210
837047
837049
837050
841050

Block: 215
857072
857074
857075
861075

Block: 220
877097
877099
877100
881100

Block: 225
897122
897124
897125
901125

Block: 230
917147
917149
917150
921150

Block: 235
937172
937174
937175
941175

Block: 240
957197
957199

2 5.76e+004 -1.63e+004 7.39e+004 -0.28 4.43e-004 4.43e-004 0.6273 0.15

2 3.85e+004 2.90e+004 9.47e+003 0.75 7.73e-006 7.73e-006 0.6274 0.15

1 3.85e+004 -8.14e+003 4.66e+004 -0.21 1.81e-004 1.81e-004 0.6275 0.15
4000-4.02e+004 3.67e+004 3.47e+003 0.91 1.97e-008 7.90e-007 0.6276 0.15

2 5.78e+004 -1.63e+004 7.41e+004 -0.28 4.47e-004 4.47e-004 0.6332 0.15

2 3.87e+004 2.92e+004 9.52e+003 0.75 7.96e-006 7.96e-006 0.6332 0.15

1 3.87e+004 -8.16e+003 4.68e+004 -0.21 1.82e-004 1.82e-004 0.6334 0.15
4000 4.04e+004 3.69e+004 3.49e+003 0.91 2.03e-008 8.13e-007 0.6335 0.15

2 5.81e+004 -1.64e+004 7.44e+004 -0.28 4.50e-004 4.50e-004 0.6391 0.15

2 3.89e+004 2.93e+004 9.56e+003 0.75 8.20e-006 8.20e-006 0.6391 0.15

1 3.89e+004 -8.18e+003 4.70e+004 -0.21 1.84e-004 1.84e-004 0.6393 0.15
4000 4.06e+004 3.71e+004 3.51e+003 0.91 2.09e-008 8.38e-007 0.6394 0.15

2 5.83e+004 -1.64e+004 7.47e+004 -0.28 4.53e-004 4.53e-004 0.645 0.15

2 3.91e+004 2.94e+004 9.61e+003 0.75 8.44e-006 8.44e-006 0.645 0.15

13.91e+004 -8.20e+003 4.73e+004 -0.21 1.86e-004 1.86e-004 0.6452 0.15
4000 4.08e+004 3.73e+004 3.52e+003 0.91 2.16e-008 8.63e-007 0.6453 0.15

2 5.86e+004 -1.64e+004 7.50e+004 -0.28 4.57e-004 4.57e-004 0.651 0.15

2 3.93e+004 2.96e+004 9.66e+003 0.75 8.70e-006 8.70e-006 0.651 0.15

1 3.93e+004 -8.22e+003 4.75e+004 -0.21 1.87e-004 1.87e-004 0.6512 0.15
4000 4.10e+004 3.75e+004 3.54e-+003 0.91 2.22e-008 8.89e-007 0.6513 0.15

2 5.88e+004 -1.65e+004 7.53e+004 -0.28 4.60e-004 4.60e-004 0.6571 0.15

2 3.95e+004 2.97e+004 9.71e+003 0.75 8.97e-006 8.97e-006 0.6571 0.15

1 3.95e+004 -8.24e+003 4.77e+004 -0.21 1.89e-004 1.89%e-004 0.6573 0.15
4000 4.12e+004 3.77e+004 3.56e+003 0.91 2.29e-008 9.16e-007 0.6574 0.15

2 5.91e+004 -1.65e+004 7.56e+004 -0.28 4.63e-004 4.63e-004 0.6632 0.15

2 3.97e+004 2.99e+004 9.76e+003 0.75 9.24e-006 9.24e-006 0.6632 0.15

1 3.97e+004 -8.26e+003 4.79e+004 -0.21 1.91e-004 1.91e-004 0.6634 0.15
4000 4.14e+004 3.79e+004 3.58e+003 0.91 2.36e-008 9.45e-007 0.6635 0.15

2 5.93e+004 -1.65e+004 7.59e+004 -0.28 4.67e-004 4.67e-004 0.6694 0.16

2 3.99e+004 3.00e-+004 9.81e+003 0.75 9.53e-006 9.53e-006 0.6694 0.16

1 3.99e+004 -8.28e+003 4.81e+004 -0.21 1.92e-004 1.92e-004 0.6696 0.16
4000 4.16e+004 3.81e+004 3.60e+003 0.91 2.43e-008 9.74e-007 0.6697 0.16

2 5.96e+004 -1.66e+004 7.62e+004 -0.28 4.71e-004 4.71e-004 0.6756 0.16

2 4.01e+004 3.02e+004 9.86e+003 0.75 9.82e-006 9.82e-006 0.6756 0.16

1 4.01e+004 -8.30e+003 4.84e+004 -0.21 1.94e-004 1.94e-004 0.6758 0.16
4000 4.19e+004 3.82e+004 3.61e+003 0.91 2.51e-008 1.00e-006 0.6759 0.16

2 5.98e+004 -1.66e+004 7.65e+004 -0.28 4.74e-004 4.74e-004 0.6819 0.16
2 4.03e+004 3.04e+004 9.91e+003 0.75 1.01e-005 1.01e-005 0.682 0.16
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957200 1 4.03e+004 -8.32e+003 4.862+004 -0.21 1.95e-004 1,96e-004 0.6822 0.16
961200 4000 4.21e+004 3.84e+004 3.63e+003 0.91 2.59e-008 1.04e-006 0.6823 0.16

Block: 245
977222 26.01e+004 -1.67e+004 7.68e+004 -0.28 4.78e-004 4.78e-004 0.6883 0.16

977224 2 4.05e+004 3.05e+004 9.96e+003 0.75 1.04e-005 1.04e-005 0.6883 0.16
977225 1 4.05e+004 -8.34e+003 4.88e+004 -0.21 1.98e-004 1.98e-004 0.6885 0.16
981225 4000 4.23e+004 3.86e+004 3.65e+003 0.91 2.67e-008 1.07e-006 0.6886 0.16

Block: 250
997247 2 6.03e+004 -1.67e+004 7.70e+004 -0.28 4.81e-004 4.81e-004 0.6947 0.16

997249 2 4.07e+004 3.07e+004 1.00e+004 0.75 1.08e-005 1.08e-005 0.6948 0.16
997250 1 4.07e+004 -8.35e+003 4.90e+004 -0.21 1.99e-004 1.99e-004 0.695 0.16
1001250 4000 4.25e+004 3.88e+004 3.67e+003 0.91 2.75e-008 1.10e-006 0.6951 0.16

End of pc-CRACK Output
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